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Preface
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TOSHIBA TMP92CF30

CMOS 32-Bit Microcontroller
TMP92CF30FG

1. Outline and Features

The TMP92CF30 is a high-speed advanced 32-bit microcontroller developed for controlling
equipment which processes mass data.

The TMP92CF30FG is housed in a 176-pin QFP package.

(1) CPU: 32-bit CPU (High-speed 900/H1 CPU)
o  Compatible with TLCS-900/L1 instruction code
e 16 Mbytes of linear address space
e  General-purpose register and register banks

e  Micro DMA: 8channels (62.5 ns/4 bytes at fsys = 80 MHz, best case)
(2) Minimum instruction execution time : 12.5 ns (at fsys= 80 MHz)

(3) Internal RAM: 144 Kbytes (can be used for program and data)
Internal ROM: None

(4) External memory expansion
e Expandable up to 2.1 Gbytes (shared program/data area)

e Can simultaneously support 8-, 16- and 32-bit width external data buses
----- Dynamic data bus sizing

e Separate bus system

(5) Memory controller
e  Chip select output: 4 channels
¢  One channel in 4 channels is enabled detailed AC enable setting
(6) 8-bit timers: 8 channels
(7) 16-bit timer/event counter: 2 channels
(8) General-purpose serial interface: 2 channels
e UART/synchronous mode: 2 channels
o IrDAver.1.0 (115.2 kbps) selectable

(9) Serial bus interface: 1 channel

o I2C standard mode only

(10) USB (universal serial bus) controller: 1 channel
e Full-speed (12 Mbps) (Low-speed is not supported.)
¢ Endpoint 0: Control 64 bytes x 1 FIFO
Endpoint 1: BULK (output) 64 bytes x 2 FIFOs
Endpoint 2: BULK (input) 64 bytes x 2 FIFOs
Endpoint 3: Interrupt (input) 8 bytes x 1 FIFO
e Descriptor RAM: 384 bytes
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(11) I2S (Inter-IC Sound) interface: 1 channel
e 128 bus mode selectable (Master, transmission only)
e Data Format is supported Left/Right Justify
e 128-byte FIFO buffer (64 bytes x 2)

(12) SDRAM controller:1 channel

e Supports 16-Mbit, 64-Mbit, 128-Mbit, 256-Mbit and 512-Mbit SDR (Single-data-rate)
SDRAM

e  Possible to execute instruction on SDRAM

(13) Timer for real-time clock (RTC)
e Based on TC8521A

(14) Key-on wakeup (Interrupt key input)
(15) 10-bit A/D converter (Built in Sample Hold circuit): 6 channels

(16) Touch screen interface

e  Built-in Switch of Low-resistor, and available to reduce external components for shift
change row/column
(17) Watchdog timer
(18) Melody/alarm generator
e  Melody: Output of a clock 4 to 5461-Hz clock
e  Alarm: Output of 8 kinds of alarm pattern

e 5 kinds of interval interrupt

(199 MMU
e Expandable up to 2.1 Gbytes (3 local area/8 bank method)
e Independent bank for each program, read data, write data, source and destination of
DMAC (Odd channel/Even channel)
(20) Interrupts: 58 interrupts
¢ 9 CPU interrupts: Software interrupt instruction and illegal instruction
¢ 39 internal interrupts: Seven selectable priority levels
e 10 external interrupts: Seven selectable priority levels (include key and NMI interrupt)

(8-edge selectable)
(21) DMAC function: 6 channels

e High-speed data transfer enable by controlling which convert micro DMA function and
this function

(22) Input/Output ports: 98 pins (Except Data bus (16bit), Address bus (24bit) and RD pin)
(23) NAND Flash interface: 2 channels

e Direct NAND flash connection capability

o  Supports SLC type and MLC type

e  Supports Data Bus 8/16 bit, Page Size 512/2048 bytes

e  Built-in Reed Solomon calculation circuits which enabled correct 4-address, and detect
error more than 5-address
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(24) SPI controller: 1 channel
e  Supports SPI mode of SD card and MMC card
e  Built-in FIFO buffer of 32 bytes to each Input/Output

(25) Product/Sum calculation: 1 channel
e  Supports calculation 32 x 32 + 64 = 64 bits, 64 — 32 x 32 = 64 bits and 32 x 32 — 64 =64 bits
e T/O method

e  Supports Signed calculations

(26) Standby function
e Three Halt modes: IDLE2 (programmable), IDLE1, STOP

o Each pin status programmable for standby mode

(27) Clock controller

e Two blocks of clock doubler (PLL) supplies 48 MHz for USB and 80 MHz for CPU from 10
MHz

e  Clock gear function: Selectable high-frequency clock fc to fc/16
e Clock for Timer (fs = 32.768 kHz)
(28) Operating voltage:
e 2 power supplies (Internal power supply (1.4 to 1.6 V), External power supply (3.0 to 3.6 V)

(29) Package
«  176-pin LQFP: LQFP176-P-2020-0.40F
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Figure 1.1 Block Diagram of TMP92CF30

PC6 (EA28, SPCLK)
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TOSHIBA

Pin Assignment and Pin Functions

2.

The assignment of input/output pins for TMP92CF30, their names and functions are as follows;

Pin Assignment Diagram (Top View)

2.1

Figure 2.1.1 shows the pin assignment of the TMP92CF30.
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Figure 2.1.1 Pin assignment diagram (P-FBGA228)
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2.2 Pin names and Functions

The names of the input/output pins and their functions are described below.

Table 2.2.1 Pin names and functions (1/6)

Pin name Num_ber ffe] Functions
of Pins

DO to D7 8 1/0 Data: Data bus DO to D7
P10 to P17 8 I/0 Port 1: I/0O port input or output specifiable in units of bits
D8 to D15 I/0 Data: Data bus D8 to D15
P40 to P47 8 Output Port 4: Output port
AO to A7 Output Address: Address bus AO to A7
P50 to P57 8 Output Port 5: Output port
A8 to A15 Output Address: Address bus A8 to A15
P60 to P67 8 I/0 Port 6: 1/0O port input or output specifiable in units of bits
A16 to A23 Qutput Address: Address bus A16 to A23
P70 1 Output Port 70: Output port
RD Output Read: Outputs strobe signal to read external memory
P71 1 I/10 Port 71: Output port
WRLL Output Write: Outputs strobe signal for writing data on pins DO to D7
NDRE Output NAND Flash read: Outputs strobe signal to read external NAND-Flash
P72 1 I/0 Port 72: 1/0 port
WRLU OQutput Write: Outputs strobe signal for writing data on pins D8 to D15
NDWE Output NAND Flash write: Write enable for NAND Flash
P73 1 I/0 Port 73: /0 port
EA24 Output Expanded address 24
P74 1 I/0 Port 74: 1/0 port
EA25 Output Expanded address 25
P75 1 I/0 Port 75: 1/0 port
R/W Output Read/Write: “High” represents read or dummy cycle; “Low” represents write cycle
NDR/B Input NAND Flash Ready(1) / Busy(0) input
P76 1 I/0 Port 76: 1/0 port
WAIT Input Wait: Signal used to request CPU bus wait
P80 1 Output Port 80: Output port
CS0 Output Chip select 0: Outputs “Low” when address is within specified address area
P81 1 Output Port 81: Output port
cs1 Output Chip select 1: Outputs “Low” when address is within specified address area
SDbCs Output Chip select for SDRAM: Outputs “Low” when the address is within SDRAM address area
P82 1 Output Port 82: Output port
cs2 Qutput Chip select 2: Outputs “Low” when address is within specified address area
CSZA Output Expanded address ZA: Outputs “Low” when address is within specified address area
SbCs Output Chip select for SDRAM: Outputs “Low” when the address is within SDRAM address area
P83 1 Output Port 83: Output port
cs3 Output Chip select 3: Outputs “Low” when address is within specified address area
CSXA Output Expanded address XA: Outputs “Low” when address is within specified address area
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Table 2.2.1 Pin names and functions (2/6)

Pin name Num.ber I/O Functions
of Pins

P86 Output Port 86: Output port

CSzD 1 Output Expanded address ZD: Outputs “Low” when address is within specified address area
NDOCE Output Chip select for NAND Flash 0: Outputs “Low” when NAND Flash 0 is enable
P87 Output Port 87: Output port

CSXB 1 Output Expanded address XB: Outputs “Low” when address is within specified address area
NDICE Output Chip select for NAND Flash 1: Outputs “Low” when NAND Flash 1 is enable
P90 1/0 Port 90: I/O port
TXDO 1 Output Transmit data for serial 0: programmable Open-drain output
TXD1 Output Transmit data for serial 1. programmable Open-drain output
P91 1/0 Port 91: I/O port (Schmitt-input)
RXDO 1 Input Receive data for serial 0
RXD1 Input Receive data for serial 1
P92 I/0 Port 92: I/O port (Schmitt-input)
SCLKO I/0 Clock I/O for serial 0

CTSO 1 Input Enable to send data for serial 0 (Clear to send)
SCLKO I/0 Clock I/O for serial 1

CTSO Input Enable to send data for serial 1 (Clear to send)
P96 1 Input Port 96: Input port (schmitt-input, with pull-up resistor)
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge
PX Output X-Plus: Pin connected to X+ pin for Touch Screen I/F
P97 1 Input Port 97: Input port (schmitt input)
PY Output Y-Plus: Pin connected to Y+ pin for Touch Screen I/F
PAO to PA7 8 Input Port AO to A7: Input port
KI0 to KI7 Input Key input 0 to 7: Pin used for key on wake-up 0 to 7 (Schmitt-input, with pull-up resistor)
PCO 1 1/0 Port CO: I/O port (Schmitt-input)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable rising/falling edge
PC1 1/0 Port C1: I/O port (Schmitt-input)
INT1 1 Input Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge
TAOIN Input Timer A0 input: Input pin for 8 bit timer 0
PC2 1 1/0 Port C2: I/0O port (Schmitt-input)
INT2 Input Interrupt request pin 2: Interrupt request pin with programmable rising/falling edge
PC3 1/0 Port C3: I/0O port (Schmitt-input)
INT3 1 Input Interrupt request pin 3: Interrupt request pin with programmable rising/falling edge
TA2IN Input Timer A2 input: Input pin for 8 bit timer 2
PC4 1/0 Port C4: 1/0 port
EA26 1 Output Expanded address 26
SPDI Input Data input pin for SD card
PC5 1/0 Port C5: I/O port
EA27 1 Output Expanded address 27
SPDO Output Data output pin for SD card
PC6 1/0 Port C6: I/0 port
EA28 1 Output Expanded address 28
SPCLK Output Clock output pin for SD card
PC7 1 1/0 Port C7: 1/0 port
KO8 Output Key output 8: Key scan strobe pin (programmable Open-drain output)
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Table 2.2.1 Pin names and functions (3/6)
Pin name Num.ber I/O Functions
of Pins

PFO 1 I/0 Port FO: 1/O port

I2S0CKO Output Outputs clock for I°SO
PF1 1 I/0 Port F1: I/O port

12S0DO Output | Outputs data for 1°S0O
PF2 1 I/0 Port F2: 1/0O port

I2SOWS Qutput Outputs word select signal for 1°S0
PF7 1 Output Port F7: Output port
SDCLK Output Clock for SDRAM

PGO to PG1 2 Input Port GO to G1: Input port
ANO to AN1 Input Analog input pin 0 to 1: Input pin for AD converter
PG2 Input Port G2: Input port
AN2 1 Input Analog input pin 2: Input pin for AD converter

MX Output X-Minus: Pin connected to X- pin for Touch Screen I/F
PG3 Input Port G3: Input port
AN3 1 Input Analog input pin 3: Input pin for A/D converter

MY Output Y-Minus: Pin connected to Y- pin for Touch Screen I/F
ADTRG Input AID Trigger: Request signal for A/D start

PG4 to PG5 2 Input Port G4 to G5: Input port
AN4 to ANS Input Analog input pin 4 to 5: Input pin for A/D converter
PJO Output Port JO: Output port

SDRAS 1 Output Outputs strobe signal for SDRAM row address
SRLLB Output Data enable signal for DO to D7 for SRAM

PJ1 Output Port J1: Output port

SDCAS 1 Output Outputs strobe signal for SDRAM column address
SRLUB Qutput Data enable signal for D8 to D15 for SRAM

PJ2 Output Port J2: Output port

SDWE 1 Output Outputs write enable signal for SDRAM

SRWR Output Write enable for SRAM: Outputs strobe signal to write data
PJ3 1 Output Port J3: Output port
SDLLDQM Output Data enable signal for DO to D7 for SDRAM

PJ4 1 Output Port J4: Output port
SDLUDQM Output Data enable signal for D8 to D15 for SDRAM

PJ5 I/0 Port J5: 1/0 port

NDALE 1 Output Address latch enable signal for NAND Flash

SDULB Output Data enable signal for D16 to D23 for SDRAM

PJ6 110 Port J6: 1/0 port

NDCLE 1 Output Command latch enable signal for NAND Flash
SDUUB Output Data enable signal for D24 to D31 for SDRAM

PJ7 1 Output Port J7: Output port

SDCKE Output Clock enable signal for SDRAM
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Table 2.2.1 Pin names and functions (4/6)

Pin name Num.ber I/O Functions
of Pins

PKO to PK7 8 Output Port KO to PK7: Output port
PLO to PL7 8 1/0 Port LO to L7: I/O port
D16 to D23 Output Data bus D16 to D23
PM1 Output Port M1: Output port
TAL1OUT 1 Output Timer Al output: Output pin for 8 bit timer 1
MLDALM Output Melody / Alarm output pin
PM2 Output Port M2: Output port

ALARM 1 Output Alarm output from RTC

MLDALM Output Melody / Alarm output pin (inverted)
PM7 1 Output Port M7: Output port
PNO to PN7 8 1/0 Port N: I/O port
KOO to KO7 Output Key output 0 to 7: Key scan strobe pin (programmable Open-drain output)
PP3 1/0 Port P3: 1/0O port (Schmitt-input)

INT5 Input Interrupt request pin 5: Interrupt request pin with programmable rising/falling edge
TA70UT 1 Output Timer A7 output: Output pin for 8 bit timer 7
TXDO Output Transmit data for serial 0: programmable Open-drain output
TXD1 Output Transmit data for serial 1: programmable Open-drain output

PP4 1/0 Port P4: 1/0O port (Schmitt-input)

INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
TBOINO 1 Input Timer BO input: Input pin for 16 bit timer O

RXDO Input Receive data for serial 0

RXD1 Input Receive data for serial 1

PP5 1/0 Port P5: 1/0O port (Schmitt-input)

INT7 Input Interrupt request pin 7: Interrupt request pin with programmable rising/falling edge
TB1INO Input Timer B1 input: Input pin for 16 bit timer 1
SCLKO 1 110 Clock /O for serial 0
CTSO0 Input Enable to send data for serial 0 (Clear to send)
SCLK1 110 Clock /O for serial 1

CTs1 Input Enable to send data for serial 1 (Clear to send)

PP6 1 Output Port P6: 1/O port
TBOOUTO Output Timer BO output: Output pin for 16 bit timer O

92CF30-9
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Table 2.2.1 Pin names and functions (5/6)
Pin name Num.ber I/O Functions
of Pins
PRO 1 I/0 Port RO: I/0 port
SPDI Input Data input pin for SD card
PR1 1 I/0 Port R1: I/O port
SPDO Output Data output pin for SD card
PR2 1 I/0 Port R2: 1/0 port
SPCS Qutput Chip select signal for SD card
PR3 1 I/0 Port R3: 1/0 port
SPCLK Output Clock output pin for SD card
PTO to PT7 8 I/0 Port TO to T7: I/O port
D24 to D31 I/0 Data: Data bus D24 to D31
PV6 1 I/0 Port V6: 1/O port
SDA I/0 Send/receive data at I°C mode
Pv7 1 I/0 Port V7: 1/O port
SCL I/0 Input/output clock at I°C mode
PX4 1 Output Port X4: Output port
CLKOUT Qutput Internal clock output pin
PX5 I/0 Port X5: 1/O port
X1USB 1 Input Clock input pin for USB
X1D4 Qutput Direct clock output pin
92CF30-10 2009-06-12



TOSHIBA

TMP92CF30

Table 2.2.1 Pin names and functions (6/6)

Pin name Num'ber I/O Functions
of Pins
USB-data connecting pin
D+, D- 2 1/0 Connect pull-up(DVCC3A) or pull-down resistor to both pins to avoid through current when
USB is not in use.
NMI 1 Input Non-maskable interrupt pin.
Operation mode;
Fix to AM1 = “0",AMO = “1” for 16 bit external bus starting
AM1, AMO 2 Input Fix to AM1 = “1",AMO = “0” for 32 bit external bus starting
Fix to AM1 = “1",AMO = “1" is prohibited to set
Fix to AM1 = “0",AMO = “0" is prohibited to set
X1/X2 2 /0 High-frequency oscillator circuit connection pin
XT1/IXT2 2 1/0 Low-frequency oscillator circuit connection pin
RESET 1 Input Reset: Initialize TMP92CF30 (Schmitt-input , with pull-up resistor)
VREFH 1 Input Pin for reference voltage input to AD converter(H)
VREFL 1 Input Pin for reference voltage input to AD converter(L)
AVCC 1 — Power supply pin for AD converter
AVSS 1 — GND pin for AD converter (0V)
DVCC3A 8 B Power sgpply pin for peripheral I/O-A (All DVCCS3A pins should be connected to the power
supply pin )
Power supply pin for internal logic-A (All DVCCL1A pins should be connected to the power
DVCC1A 4 - .
supply pin )
DVCC1B 1 - Power supply pin for internal logic-B (Keep the voltage DVCC1A level )
DVSSCOM 8 — GND pin (OV) (All DVSS pins should be connected to GND(0V))
DVCCI1C 1 - Power supply pin for High speed oscillator (Keep the voltage DVCC1A level )
DVSS1C 1 — GND pin (OV) (DVSS1C pin should be connected to GND(0V))

Table 2.2.2 shows the range of operational voltage for power supply pins.

Table 2.2.2 the range of operational voltage for power supply pins

Range of
Power supply pin operational

voltage
DVCC1A
DVCC1B 1.4V~1.6V
DVCC1C
DVCC3A

3.0V~3.6V

AVCC
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3. Operation

This section describes the basic components, functions and operation of the TMP92CF30.

3.1 CPU
The TMP92CF30 contains an advanced high-speed 32-bit CPU (TLCS-900/H1 CPU)

3.1.1 CPU Outline

The TLCS-900/H1 CPU is a high-speed, high-performance CPU based on the
TLCS-900/L.1 CPU. The TLCS-900/H1 CPU has an expanded 32-bit internal data bus to
process Instructions more quickly.

The following is an outline of the CPU:

Table 3.1.10utline of TMP92CF30

Parameter TMP92CF30
Width of CPU Address Bus 24-bit
Width of CPU Data Bus 32-bit
Internal Operating Frequency Max 80 MHz
Minimum Bus Cycle 1-clock access (12.5ns at 80 MHz)
Internal RAM 32-bit 2-1-1-1 clock access
Internal 1/0 8-bit,
2-clock access INTC,SDRAMC,
MEMC,TSI,PORT
16-bit, MMU,USB,
2-clock access NDFC,SPIC,DMAC
32-bit, s
2-clock access
32-bit,
1-clock access MAC
8-bit, TMRA, TMRB,
5 to 6-clock access SIO,RTC,
MLD/ALM, SBI
CGEAR,ADC,WDT
External memory 8/16-bit 2-clock access
(SRAM, MASKROM etc.) (waits can be inserted)
Exte(?;:?r'::\eﬂr;\ory 16-bit 1-clock access
External memory 8/16-bit 2-clock access
(NAND FLASH) (waits can be inserted)

Minimum Instruction

) 1-clock (12.5ns at 80 MH
Execution Cycle ( 2)

Conditional Jump 2-clock (25.0ns at 80 MHz)
Instruction Queue Buffer 12-byte
Instruction Set Compatible with TLCS-900/L1
(LDX instruction is deleted)
Micro DMA 8-channel
Hardware DMA 6-channel
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3.1.2 Reset Operation

When resetting the TMP92CF30 microcontroller, ensure that the power supply voltage is
within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then hold the RESET input Low for at least 20 system clocks (32us at
X1=10MHz).

At reset, since the clock doublers (PLLO) is bypassed and the clock-gear is set to 1/16, the
system clock operates at 625 kHz(X1=10MHz).

When the Reset has been accepted, the CPU performs the following. CPU internal
registers do not change when the Reset is released.

Sets the Stack Pointer (XSP) to 00000000H.

Sets bits <IFF2:0> of the Status Register (SR) to “111” (thereby setting the Interrupt Level
Mask Register to level 7).

Clears bits <RFP1:0> of the Status Register to “00” (thereby selecting Register Bank 0).

When the Reset is released, the CPU starts executing instructions according to the
Program Counter settings.

Sets the Program Counter (PC) as follows in accordance with the Reset Vector stored at
address FFFFOOH~FFFF02H:

PC<7:0> < data in location FFFFOOH
PC<15:8> <« data in location FFFF01H
PC<23:16> <« data in location FFFF02H

When the Reset is accepted, the CPU sets internal I/0, ports and other pins as follows.

e Initializes the internal I/O registers as table of “Special Function Register” in Section 5.

Note: This LSI builds in RAM internally. However, the data in internal RAM may not be held by Reset operation. After
reset, initialize the data in internal RAM.

Figure 3.1.1 shows reset timing chart. Figure 3.1.2 shows the example of order of
supplying power and the timing of releasing reset.
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Figure 3.1.1 TMP92CF30 Reset timing chart
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This LSI has the restriction for the order of supplying power. Be sure to supply external
3.3V power with 1.5V power is supplied.

When, Powering on Wh?n Powerilng off

)

DVCCI1A
1.5V DvCC1B
Power DVCCi1C

/

1
|
|
' Power should rise and Power should fall and
1.5-V rails should be | stabilizes within 100 ms. stabilizes within 100 ms. \

) ! | | ! 3.!3-V rails should be
turned on first, ! ) | T )
followed by the 3.3V ! : ! (( ! tdlrned off first, followed by

. | ! the 1.5-V rails.
rails. : ‘ i // i !
1 ; | 1
DVCC3A | | |
3.3V ! : : << : : :
| |
Power | | ; ; ' !
L | // | !
1 ! ! |
AVCC ! : :
| ] ]
| |
i i ! ! | |
X X High-frequency Oscillation Stabilizing Time X X
| | +20 system clock cycles ' | |
) ) \ \ ) |
! ! ; /Y - ! !
! ! —) . !
] ] ]
J— \ | ! |
RESET ! ! :
: :
1 1
1 1
] ]
] ]

Notel: Although it is possible to turn on or off the 1.5-V and 3.3-V power supply rails simultaneously, it may cause
external pins to temporarily become unstable. Therefore, if there is any possibility that this would affect
peripheral devices connected with the TMP92CF30, external power supplies should be turned on or off while
the internal power supplies are stable, as indicated by the heavy lines in the diagram above.

Note2: In the power-on sequence, the 3.3-V power supply rails must not be turned on before the ones of 1.5-V . In the

power -off sequence, the 3.3-V power supply rails must not be turned off after the ones of 1.5-V.

Figure 3.1.2 Power on Reset Timing Example
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3.1.3  Setting of AMO and AM1

Set AM1 and AMO pins as shown in Table 3.1.2 according to system usage.

Table 3.1.2 Operation Mode Setup Table

Mode Setup input pin .
Operation Mode
RESET AM1 AMO
0 1 16-bit external bus starting
1 0 32-bit external bus starting
—/_ 1 1 Test mode (Prohibit to set)
0 0 Test mode (Prohibit to set)
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3.2

Memory Map
Figure 3.2.1 is a memory map of the TMP92CF30.

000000H T
Internal 1/0 Direct area(n)

000100H (8 Kbyte)

001FFOH 64Kbyte area

002000H (o)

Internal RAM
010000H (128 Kbyte)
021FFFH
Don't access area (Note2)
046000H
(Internal Back Up RAM 16Kbyte)
04A000H
External memory
16Mbyte area

(R)
(-R)
(R+)
(R + R8/16)
R + d8/16)

FOO00OH = (

Provisional Emulator Control Area (Notel) (nnn)
(64Kbyte)
F10000H
External memory
FFFFOOH
(Note2)
FEFEFEH Vector table (256 Byte) | —

( |:| Internal area)

Figure 3.2.1 Memory Map

Notel: If using an emulator, an optional 64 Kbytes of the 16M bytes area is used for emulator control. Therefore, if
using an emulator, this area cannot be used.
Note2: Do not use the 144K byte area (022000H to 045FFFH) and the last 16-byte area (FFFFFOH to FFFFFFH).

This area is reserved as internal area.
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3.3 Differences between the TMP92CZ26A/CF26A and the TMP92CF30

The TMP92CF30 is a lower pin-count version of the TMP92CF26A with fewer functions
(there are some added functions).

Sections 3.3.1 through 3.3.13 describe the functions that are deleted or newly added to the
TMP29CF30. There are no major differences in AC/DC characteristics. For details, refer to the
chapter “Electrical Characteristics”.

3.3.1 DSU Circuit Deleted

The TMP92CF30 does not support the DSU function, which is available in the
TMP92CZ26A/CF26A.

The development environment is offered with the TMP92CF26AXBG. (The DSU function
is used and a pin conversion is required.) Therefore, functions that are modified or newly
added to the TMP92CF30 cannot be debugged with development tools. (Please use the
actual device or a ROM emulator to debug the TMP92CF30.)

3.3.2 Internal I/0O Functions Deleted and Modified

[Deleted function]

The TMP92CF30 has only one I12S channel (Channel 0), whereas the
TMP92CZ26A/CF26A has Channels 0 and 1. When using the TMP92CF30, therefore,
do not access the addresses where special-function registers for this deleted function
have been mapped. For details, see the Table of Special Function Registers (SFRs).

[Modified function 1]

The SIO channel (SIO1) is newly added to the TMP92CF30 with its control registers.
For details, see Table 3.3.1.

[Modified function 2]
There are some modifications to the port control method (multiplexed pin settings)
and associated registers. If an ICE using the TMP92CF26A is used for development

and debugging modified and added registers cannot be debugged. For details, see Table
3.3.1.
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3.3.3 Port Pins Deleted
In the TMP92CF30, the following port pins are deleted as opposed to the
TMP92CZ26A/CF26A.
And TMP92CF30 support the external 32bit bus function except for access to SDRAM.

Added: External 32bit bus function added. (However, if an ICE using the TMP92CF26A is
used to development and debugging, it is possible only to operate by 16 bit bus
mode.)

Deleted:

e DBGE: Debug enable pin (The DSU function is not available.)
e Port 8 P84 (cszB), P85 (CszC)

e Port F: PF3 (I12S1CKO), PF4 (12S1DO), PF5 (1I2SWS)

e Port P: PP7 (TB10UTO0), PP2 (TA50UT), PP1 (TASOUT)

e Port U: PUO to PU7 (LD16 to LD23)

e PortV: PVO, PV1, PV2, PV3, PV4

e Port W: PWO to PW7

Port X: PX7

Port Z: PZ0 to PZ7

3.3.4 Maximum Memory Size Accessible with the MMU Function Reduced

With the deletion of the P84 (CSZB) and P85 (CSZC ) pins, the maximum memory size that
can be expanded with the MMU function is reduced, resulting in a reduced number of usable
banks. In the TMP92CZ26A/CF26A the total expandable memory size is 3.1 Gbytes, which is
reduced to 2.1 Gbytes in the TMP92CF30. Accordingly, the number of banks in the Z area is
reduced from 512 banks to 256 banks.

If an ICE using the TMP92CF26A is used for development and debugging, be careful
about registers and banks which are available in the TMP92CF26A but do not exist in the
TMP92CF30. For details, see the chapter on the MMU function.
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3.3.5 One of the I°S Channels Deleted and I°S Function Modified

[Deleted functionl]

The TMP92CF30 has only one
TMP92CZ26A/CF26A has Channels 0 and 1.

12S channel (Channel 0), whereas the

[Modified function]
The monophonic data output format of the I2S function is modified as shown below.

TMP92CZ26A/CF26A monophonic data output (I2S format)

Data is output from either right or left channel.

s ~ ™
12SnWS _’ ..........
12SnCKO ----- JuUuUuyUryyuyuyl e U
=== z= ==
2sn0 XXX X XX
: 1'st data 2'nd data
TMP92CF30 monophonic data output (I2S format)
Identical data is output from both right and left channels.
Rjiq\ht Left
Vs ~N/ I
12SNWS _l ..........
12SnCKO ----- Juuyuygyuyryi - Juyyuu
Fmmm—m——p ] e e === —— -»> r———
LS e e — — S e——
N Y \ J
. 1'st data l’s\t(data 2'nd data

If an ICE using the TMP92CF26A is used for development, data is output from only
one channel in monophonic mode. For details, see the chapter on the I2S Interface.
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3.3.6 NMI Pin Added
In the TMP92CF30, the TEST pin is newly added. This pin must always be fixed to high
level.

TMP92CF30 i1s added the external 32bit bus function. The newly added the external
32bit bus function cannot be supported development tools using TMP92CF26A.

Please use NMI pin for BREAK function etc, if ROM emulator is used for development.

3.3.7 Port L Function Added

Port L is an output-only port in the TMP92CZ26A/CF26A, whereas the TMP92CF30
allows Port L to be used as an input or output. In the TMP92CF30, Port L is set as an
input immediately after a system reset. If an ICE using the TMP92CF26A is used for
development and debugging, this new function cannot be used.

3.3.8 X1D4 Pin Added

In the TMP92CF30, a new Port PX5 function is added for outputting a clock that is 1/1,
1/2, 1/4 or 1/8 of the oscillation frequency of the X1 and X2 pins. If an ICE using the
TMP92CF26A is used for development and debugging, this function cannot be used.

3.3.9 SPI Controller Function Added

In the TMP92CZ26A/CF26A, the SPI control signals are multiplexed with Port PR. In
the TMP92CF30, the SPI control signals are multiplexed with Port PR and Port PC
(excluding the SPCS signal). If an ICE using the TMP92CF26A is used for development

and debugging, registers asociated with the following new functions cannot be debugged.
+ Output the SPCLK signal from the PC6 pin
+ Output the SPDO signal from the PC5 pin
+ Input the SPDI signal from the PC4 pin

For details, refer to the chapter on the SPI controller.

TMP92CZ26A/CF26A TMP92CF30
SPCLK A)J] PR3 SPCLK 4)4] PR3 or PC6
spcs —I[] PR2 spcs —{] Pr2
SPDO —[ ] pRi SPDO —[ ]  pR1orPC5
sPDl «—JI ] PRO spbl <1  PROorpPCa
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3.3.10 LCD Controller Functions Added and Deleted

[Deleted functionl]

The TMP92CF30 does not support the LCD controller, which is available in the
TMP92CZ26A/CF26A.

3.3.11 SIO Channel Added and SIO Function Modified

[Added function]

In the TMP92CZ26A/CF26A only one SIO channel is available, whereas the
TMP92CF30 has two SIO channels. However, if an ICE using the TMP92CF26A is
used for development and debugging, the newly added Channel 1 cannot be debugged.

[Modified function]

Each of the two SIO channels can be connected to the P90, P91 and P92 pins or the
PP3, PP4 and PP5 pins. However, if an ICE using the TMP92CF26A is used for
development and debugging, this modified port switching function cannot be debugged.

[ e e e e e e e e e e e e e e e e e e e e e e e e e e —— = —
| The SIO circuit of the TMP92CZ26A/CF26A is marked off by dotted lines. :
|
I |
I |
I |
I ¢TO > —p> to INTRXO INTC |
_ — 0 |
| fio s ™ to INTTXO INTC = o >[1 P90 I
I o SI00 o |
Il L o—o sciko input [}— o_o_<_|:| POL |
: ©- scLko output [ le—1 CTSO 1
) —Oo———[1P92 |
— RXDO input [}—| TXDO
: —] — I
I |
|
I { Internal Data Bus ? I
oo oo oo o oo o oo o e e o _\H/_ ____________ e = = -
¢TO — L o
—O———[PP3
fio — to INTRX1 INTC
i —0
O—+——SCLK1 input[J— —T> to INTTX1 INTC —O——<—{1PP4
~0~ O-— SCLK1 output J— sI01
O ——o0
—O———[0PP5
——o0
<] CTS1——
|' RXD1 input O— —>[] TXD1
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3.3.12 Interrupt Sources Deleted and Modified

[Deleted function]
As the number of I2S channels is reduced from two channels to one channel, the
corresponding interrupt vector is deleted.

[Modified function]

As the number of SIO channels is increased from one channel to two channels, the
interrupt vectors for SIO1 serial receive end and SIO1 serial transmission end are
added in the TMP92CF30. However, if an ICE using the TMP92CF26A is used to
development and debugging, this modified interrupt function cannot be debugged.

TMP92CF30 Interrupt Vectors and Micro DMA/HDMA Start Vectors

Default ' Vector Vector Micro DMA
o Type Interrupt Source/Micro DMA Request Source Reference [/HDMA Start

Priority Value Address Vector

1 Reset or [SWIO] instruction 0000H FFFFOOH

2 [SWI1] instruction 0004H FFFFO4H

(Omitted) (Omitted)

40 INTI2SO: IS (Channel 0) 009CH FFFFICH 27H

41 (Reserved) - - -

42 Non INTADM: AD monitor function 00A4H FFFFA4H 29H

43 maskable INTSBI: SBI 00A8H FFFFA8H 2AH

44 INTSPIRX: SPIC receive 00ACH FFFFACH 2BH

45 INTSPITX: SPIC transmission 00BOH FFFFBOH 2CH

46 INTRSC: NAND Flash controller 00B4H FFFFB4H 2DH

47 INTRDY: NAND Flash controller 00B8H FFFFBSH 2EH

48 INTUSB: USB 00BCH FFFFBCH 2FH

49 INTRX1: Serial receive end 00COH FFFFCOH 30H

50 INTTX1: Serial transmission end 00C4H FFFFC4H 31H

3.3.13 Pull-Up Control Port for USB Boot Modified

The TMP92CF30 does not support the Boot ROM function, which is available in the
TMP92CZ26A/CF26A.
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Table 3.3.1 summarizes the differences between the TMP92CZ26A and the TMP92CF30.
For details, refer to the chapter on each functional block.

Table 3.3.1 Differences between the TMP92CZ26A and the TMP92CF30

Iltem TMP92CZ26A TMP92CF30 Note
RAM 288 KB 144 KB
ROM 8 KB (BOOT) None
Package FBGA228-P-1515-0.80A LQFP176-P-2020-0.40F
Pin count 228 176
External data | to 16 bit to 32 bit This function cannot be debugged with
bus development tools.
DSU Supports Not supports Development tools using the TMP92CZ26 are
offered.
10 pins are deleted: DBGE , PZ0 to PZ7, PU7 -10
I’s 2 channels 1 channel Channel 1 are deleted
3 pins are deleted: PF3 (12S1CKO, X1D4),
PF4 (12S1DO), PF5 (12S1WS) -3
8-bit timer 8 channels 8 channels 2 pins deleted: PP1(TA30UT), PP2 (T50UT) -2
SIO 1 channel 2 channels The newly added channel cannot be debugged with
development tools.
16-bit timer 2 channels 2 channels 1 pin is deleted: PP7(TB1OUTO0) -1
LCDC TFT 16M colors None These pins useable as data bus pins. -7
General- P84/ CSZB Deleted 15 port pins are deleted -16
pyrpose port P85/ CSZC Deleted
pins
PVO Deleted
PV1 Deleted
PVv2 Deleted
PV3 Deleted
PV4 Deleted
PX7 Deleted
PWO0 to PW7 Deleted
Power supply | DVCC3A 12 DVCC3A 8 10 power supply pins deleted -10
pins DVCC3B 1 DVCC3B 0
DVCC1A 5 DVCC1A 4
DVCC1B 1 DVCC1B 1
DVCCi1C1 DVCC1C 1
DVCC1S 1 DVCC1S1
DVSSCOM 12 DVSSCOM 8
Dummy 4 pins None 4 dummy pins are deleted -4
NMI Not supports Adds The TEST pin is added +1
TOTAL 228-pin BGA — 176-pin QFP
(A total of 52 pins are deleted) -52

Other Specification Changes

The number of SIO channels is
increased to two channels.

In the TMPCZ26A/CF26A only one SIO channel is available, whereas the TMP92CF30 has two
SIO channels. However, the added SIO function cannot be debugged with development tools.

The X1D4 pin is added. The X1D4 pin can be used to output x1, x1/2, x1/4 or x1/8 of the external clock according to the
CPU state (in NORMAL, IDLE1 and IDLE2 modes). However, this function cannot be debugged

with development tools.

SPI output can be made from
either of two pins.

As in the case of the TMP92CZ26A/CF26A, the TMP92CF30 has only one SPI channel, but the
output pin can be selected from two pins. However, this new function cannot be debugged with
development tools.
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3.4 Clock Function and Standby Function

The TMP92CF30 contains (1) clock gear, (2) clock doubler (PLL), (3) standby controller and
(4) noise reduction circuits. They are used for low-power, low-noise systems.
This chapter is organized as follows:

3.4.1 Block diagram of system clock
3.4.2 SFR

3.4.3 System clock controller

3.4.4 Clock doubler (PLL)

3.4.5 Noise reduction circuits

3.4.6 Standby controller
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The clock operating modes are as follows: (a) PLL-OFF Mode (X1, X2 pins only),
(b) PLL-ON Mode (X1, X2, and PLL).

Figure 3.4.1 shows a transition figure.

Reset
(fosch/16)
STEr T % l release Reset
(I/0 operate) OeMUPt 4 )| ofF mode instruction STOP mode
—Dreross — ol tosouper ) [ s v
perate only oscillator __/-‘D"”—)

(@) PLL-OFF mode transition figure

Reset
(fosch/16)
IDLE2 mode instruction l release Reset
(/O operate) W instruction
—————— | PLL-OFF mode - STOP mode
IDLEL mode :EtsérrLer:mn (foschlgear value) interrupt (Stops all circuits)
(Operate only oscillator) ______—-—m—"""")

Instruction (Note)

IDLE2 mode %
(1/0 operate) % PLL-ON mode

IDLE1 mode instruction ((12 or 16)xfoscH/gear value)

(Operate only oscillator) | MteIURl—

(b) PLL-OFF , PLL-ON mode transition figure

Note 1: When shifting from PLL-ON mode to PLL-OFF mode, execute the following setting in the same order.
(1) Change CPU clock (Set “0” to PLLCRO<FCSEL>)
(2) Stop PLL circuit (Set “0” to PLLCR1<PLLON>)

Note 2: It is not possible to shift from PLL-ON mode to STOP mode directly.
PLL-OFF mode should be set once before shifting to STOP mode.

Figure 3.4.1 System clock block diagram

The clock frequency input from the X1 and X2 pins is called foscy and the clock frequency input from the XT1 and XT2 pins is
called fs. The clock frequency selected by SYSCR1<GEARZ2:0> is called the system clock fsys. And one cycle of fsys is defined
to as one state.
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3.4.1 Block diag

ram of system clock

SYSCRO<WUEF>
SYSCR2<\iVUPTM1:O>

Warming up timer

(High/Low frequency oscillator circuit)

Lock up timer

SYSCRO<XTEN >

(PLL)

PLLCR1<PLLON>,

XT1[H Low frequency fs PLLCRO<LUPFG>

XT2|:|_OsciIIator circuit

fc/2

X1 [ High frequency

Clock Doubler0

(PLLO)

c/4

fsys

fc/8

x (12 orl6)

+2 | +4 | +8 |+16|

N
=

X2 D_Oscillator circuit

foscH

PLLCRO<FCSEL>

Clock Doublerl

fPLLUSB

Clock gear

fo

SYSCR1<GEAR2:0>

SYSCRO<USBCLK1:0>

(PLL1)x 24 -5

X1USB [}

fsys

fio

$TOTMR

TMRAO:7,TMRBO:1

¢TO.

l Prescaler
[

SI00

I Prescaler

l Prescaler

kel

RTC

fuss

MLD/ALM
*—>

ADC

L]

WDT

]

Figure 3.4.2 Block Diagram of System clock

: fuss
CPU
RAM Memory
Controller
Interrupt | NAND-Flash
Controller || controller
f
I/O ports I’s P
SDRAMC TSI
DMAC SPIC
MAC
USB
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TMP92CF30 has two PLL circuits: one is for CPU (PLLO) and the other for USB (PLL1).
Each PLL can be controlled independently. Frequency of external oscillator is 6 to 10MHz.

Don’t connect oscillator more than 10MHz. When clock is input by using external
oscillator, range of input frequency is 6 to 10MHz.

Don’t input the clock over 10MHz.

Table 3.4.1 Setting example for foscn

High frequency: System System USB
9 q y: clock: clock: clock:
foscH f f f
sYs sYs USB
(2) USB in use, with PLL 10.0 MHz Max 80 MHz | Max 60 MHz 48 MHz
(PLLO ON/PLL1 ON)
(b) USB notin use, with PLL Max 10.0 MHz Max 80 MHz | Max 60 MHz -
(PLLO ON/PLL1 OFF)
() USB notin use, without PLL Max 10.0 MHz Max 10 MHz | Max 10 MHz -
(PLLO OFF/PLL1 OFF)

Note: When using USB, the high-frequency oscillator should be 10.0 MHz.
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3.4.2 SFR
7 6 5 4 3 2 1 0
SYSCRO | bit Symbol XTEN USBCLK1 | USBCLKO WUEF PRCK
(10EOH) | Read/write RIW RIW RIW
Reset State 1 0 | 0 0 0
Function Low Select the clock of Warm-up Select
-frequency |USB(fusg) Timer Prescaler
oscillator  |00:Disable 0: Write clock
circuit (fs) |01: Reserved Don't care 0: fsys/2
0: Stop 10: X1USB Note3 1: fsys/8
1: Oscillation |11: fpiLusB 1: Write
start timer
0: Read
end
warm-up
1: Read
do not end
warm-up
7 6 5 4 3 2 1 0
SYSCR1 |bit Symbol GEAR2 GEAR1 GEARO
@oe1H) |Rreadiwrite RIW
Reset State 1 0 | 0
Function Select gear value of high frequency
(fc)
000: fc
001: fc/2
010: fc/4
011: fc/8
100: fc/16
101: Reserved
110: Reserved
111: Reserved
7 6 5 4 3 2 1 0
SYSCR2 | bit Symbol - CKOSEL | WUPTM1 [ WUPTMO | HALTM1 | HALTMO
(10E2H) | Read/write R/W
Reset State 0 0 1 | 0 1 | 1
Function Always Select Warm-Up Timer HALT mode
write “0” CLKOUT 00: Reserved 00: Reserved
0: fsys 01: 2%/inputted frequency [01: STOP mode
1:fs 10:2"/inputted frequency  |10: IDLE1 mode
11:2"%/inputted frequency |11: IDLE2 mode

Notel: The unassigned registers, SYSCRO<bit7><bit3><bit1>,SYSCR1<bit7:3> and SYSCR2<bit1:0> are read as

undefined value.

Note2: Low frequency oscillator circuit is enabled on reset.

Note3: Do not write SYSCRO resiter during warming up. Because the warm-up end flag doesn’t become enable if

write “0” to SYSCRO<WUEF> bit during warming up.
(A read-modify—write operation cannot be performed for SYSCRO register during warming up.)

Figure 3.4.3 SFR for system clock

92CF30-29

2009-06-12




TOSHIBA

TMP92CF30
7 6 5 4 3 2 1 0
EMCCRO | Bit symbol PROTECT — EXTIN [ DRVOSCH | DRVOSCL
(10E3H) | Read/Write R RIW
Reset State 0 0 0 1 1
Function Protect Always 1: External | fc oscillator | fs oscillator
flag write “0”. clock drive ability | drive ability
0: OFF 1: NORMAL | 1: NORMAL
1: ON 0: WEAK 0: WEAK

EMCCR1 | Bit symbol
(10E4H) | Read/Write
Reset State
Function

EMCCR?2 | Bit symbol
(10E5H) | Read/Write
Reset State
Function

Switch the protect ON/OFF by writing the following to 1°-KEY,2"-KEY
1°“KEY: write in sequence EMCCR1=5AH,EMCCR2=A5H
2"-KEY: write in sequence EMCCR1=A5H,EMCCR2=5AH

Notel: When restarting the oscillator in the stop oscillation state (e.g. Restarting the oscillator in STOP mode), set
EMCCRO<DRVOSCH>, <DRVOSCL> = “1".

Note2: Do not write EMCCRO<EXTIN> = “1” when using external resonator.

Figure 3.4.4 SFR for system clock
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7 6 5 4 3 2 1 0
PLLCRO | bit symbol FCSEL LUPFG
(10E8H) | Read/Write RIW R
Reset State 0 0
Function Select Lock-up
fc-clock timer
0: foscH Status flag
1: fpL 0: not end
1: end
Note: Ensure that the logic of PLLCRO<LUPFG> is different from 900/L1's DFM.
7 6 5 4 3 2 1 0
PLLCR1 |bit symbol PLLO PLL1 LUPSEL PLLTIMES
(10E9H) | Read/Write RIW RIW
Reset State 0 0 0 0
Function PLLO for PLL1 for |Select Select the
CPU USB stage of number of
0: Off 0: Off Lock up PLL
1:On 1:On counter 0: x12
0: 12 stage 1: x16
(for PLLO)
1:13 stage
(for PLL1)
Figure 3.4.5 SFR for PLL
7 6 5 4 3 2 1 0
PxDR bit symbol Px7D Px6D Px5D Px4D Px3D Px2D Px1D Px0D
(xxxxH) | Read/Write RIW
System 1 1 1 1 1 1 1 1
Reset State
Hot Reset _ _ _ _ _ _ _ _
State
Function Output/Input buffer drive-register for standby-mode

(Purpose and using)

Notel: OE denotes an output enable signal before stand-by mode. Basically, PXxCR is used as OE.

This register is used to set each pin-status at stand-by mode.
All ports have registers of the format shown above. (“x” indicates the port name.)
For each register, refer to 3.7 Function of Ports.
Before “HALT” instruction is executed, set each register pin-status. They will be
effective after the CPU has executes the “HALT” instruction.
This is the case regardless of stand-by modes (IDLE2, IDLE1 or STOP).

The Output/Input buffer control table is shown below.

OE | PxnD | Output buffer | Input buffer
0 0 OFF OFF
0 1 OFF ON
1 0 OFF OFF
1 1 ON OFF

Note2: “n” in PxnD denotes the bit number of PORTX.

Figure 3.4.6 SFR for Drive register
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3.4.3

System clock controller

The system clock controller generates the system clock signal (fsyg) for the CPU core and
internal I/0.

SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling of each oscillator.
SYSCR1<GEAR2:0> sets the high frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4,
fc/8, fc/16). These functions can reduce the power consumption of the equipment in which
the device is installed.

The combination of settings <XEN> = “1", <SYSCK> = “0” and <GEARZ2:0> = “100" will be
PLL-OFF mode and cause the system clock (fsyg) to be set to fc/16 after reset.

For example, fsys is set to 625 kHz when the 10MHz oscillator is connected to the X1 and
X2 pins.

(1) Clock gear controller

fsys is set according to the contents of the Clock Gear Select Register SYSCR1<GEARZ2:
0> to either fc, fc/2, fc/4, fc/8 or fe/16. Using the clock gear to select a lower value of fSys
reduces power consumption.

(Example)

Changing clock gear
SYSCR1 EQU 10E1H

LD (SYSCR1),XXXXX001B ; Changes system clock fgys to fc/2
LD (DUMMY),00H Dummy instruction
X: don't care

(High-speed clock gear changing)

To change the clock gear, write the register value to the SYSCR1<GEARZ2:0> register. It
is necessary for the warming up time to elapse before the change occurs after writing the
register value.

There is the possibility that the instruction following the clock gear changing instruction
1s executed by the clock gear before changing. To execute the instruction following the clock
gear switching instruction by the clock gear after changing, input the dummy instruction
as follows (instruction to execute the write cycle).

(Example)

SYSCR1 EQU 10E1H
LD (SYSCR1),XXXXX010B ; Changes fgys to fc/4
LD (DUMMY),00H ; Dummy instruction

Instruction to be executed after clock gear changed
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3.4.4  Clock doubler (PLL)

PLLO outputs the fprL clock signal, which is 12 or 16 times as fast as foscH. A low-speed
frequency oscillator can be used as external oscillator, even though the internal clock is
high-frequency.

Since Reset initializes PLLO to stop status, so setting to PLLCRO and PLLCR1-register is
needed before use.

As with an oscillator, this circuit requires time to stabilize. This is called the lock-up time
and it is measured by a 12-stage binary counter. Lock-up time is about 0.41ms at foscH =
10MHz.

PLL (PLL1) which is special for USB is built in. Lock-up time is about 0.82ms at foscH =
10MHz measured by 13-stage binary counter.

Notel: Input frequency range for PLL
The input frequency range (High frequency oscillation) for PLL is as follows:
fosch = X to X MHz (Vcc = 1.4 to 1.6V)
Note2: PLLCRO<LUPFG>
The logic of PLLCRO<LUPFG> is different from 900/L1’s DFM.
Exercise care in determining theend of lock-up time.

Note3: PLLCR1<PLLO>, PLLCR1<PLL1>
It is not possible to turn ON both PLLO and PLL1 simultaneously.
If turning ON simultaneously, one PLL should be turn ON after finishing the lock up of the other PLL.

Table 3.4.2 shows the frequency of fsys when using PLL and clock gear at foscH =10MHz.

Table 3.4.2 The frequency of fsys at fosch = 10MHz

Frequency of fsys
fOSCH fPLL
fc fc/2 fc/d fc/8 fc/16
10MHz foscn 10MHz 10MHz 5MHz 2.5MHz 1.25MHz 625kHz
x12 120MHz 60MHz 30MHz 15MHz 7.5MHz 3.75MHz
x16 160MHz 80MH?z 40MHz 20MHz 10MHz 5MHz
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The following is an example of settings for PLLO-starting and PLLO stopping.

(Example-1) PLLO-starting

PLLCRO EQU  10E8H
PLLCR1 EQU  10E9H
LD (PLLCRL),IXXXXXXXXB

; Enables PLLO operation and starts lock up.

' }Detects end of lock-up

; Changes fc from 10 MHz to 60 MHz.

1]

LUP: BIT 5,(PLLCRO)
JR Z,LUP
LD (PLLCRO), X2IXXXXXXB
X: Don't care
<PLLO> /
<FCSEL>

(

PLL output: fpr —‘W\M AVAVAYAYAVAAVAVAVAVAVAVAVAY,

Lockup timer [ Counts up by foscH

/\

<LUPFG>

During lock-up (( / After lock-up

\
System clock fsys NN/ NN N NN VNNV NNVNVNVNN

Starts PLLO operation and

Starts lock-up.

(Example-2) PLLO-stopping

PLLCRO EQU 10E8H
PLLCR1 EQU 10E9H

Changes from 10MHz to 60MHz.
Ends of lock-up

LD (PLLCRO0),XOXXXXXXB ; Changes fc from 60 MHz t010 MHz.
LD (PLLCR1),0XXXXXXXB ; Stop PLL
X: Don't care
<FCSEL> \
<PLLO>

PLLO output: fp |

System clock fgys NN/ \N/ N/ \/\//\ /

N /NN NN

Changes from 60MHz to 10 MHz.

Note: PLL1 operates as well.

Stops PLLO operation .
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Limitations on the use of PLLO

1. When stopping PLL operation during PLLO use, execute the following settings in the
same order.

LD (PLLCRO),XOXXXXXXB ; Change the clock fp | to foscH
LD (PLLCR1),0XXXXXXXB ;  Stop PLLO

X: Don't care

2. When shifting to STOP mode during PLL use, execute the following settings in the same

order.
LD (SYSCR2),XXXX01XXB ;  Setthe STOP mode
LD (PLLCRO), XOXXXXXXB ; Change the system clock fpi t0 fosch
LD (PLLCR1), OXXXXXXXB ;  Stop PLLO
HALT ; Shift to STOP mode
X: Don't care

Examples of settings are shown below:
(1) Start Up/ Change Control
(OK) High frequency oscillator operation mode(foscu)—PLLO start up
— PLLO use mode (fp11)

LD (PLLCR1), IXXXXXXXB ; PLLO start up / lock up start
LUP: BIT 5,(PLLCRO) ;
JR Z,LUP ; Check for lock up end flag
LD (PLLCRO), XIXXXXXXB ;  Change the system clock fosch to fp

X: Don't care

(2) Change / Stop Control
(OK) PLLO use mode (frL1)— High frequency oscillator operation mode(foscn)

— PLLO Stop
LD (PLLCRO0),XOXXXXXXB ; Change the system clock fp | to foscH
LD (PLLCR1),0XXXXXXXB ;  Stop PLLO
X: Don't care

(OK) PLLO use mode (frL) — Set the STOP mode
—High frequency oscillator operation mode (fosca) — PLL stop

— HALT(High frequency oscillator stop)

LD (SYSCR2),XXXX01XXB ; Setthe STOP mode
(This command can be executed before use of PLLO)
LD (PLLCRO),XOXXXXXXB ; Change the system clock fp | to foscH
LD (PLLCR1),0XXXXXXXB ; Stop PLLO
HALT ; Shift to STOP mode

X: Don't care

(NG) PLLO use mode (frrr) — Set the STOP mode
— HALT(High frequency oscillator stop)

LD (SYSCR2),XXXX01XXB ;  Setthe STOP mode
(This command can be executed before use of PLLO)
HALT ; Shift to STOP mode

X: Don't care
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3.4.5 Noise reduction circuits

Noise reduction circuits are built in, allowing implementation of the following features.
(1) Reduced drivability for high-frequency oscillator circuit
(2) Reduced drivability for low-frequency oscillator circuit
(3) Single drive for high-frequency oscillator circuit
(4) Runaway prevention using SFR protection register

These are set in EMCCRO to EMCCR2 registers.

(1) Reduced drivability for high-frequency oscillator circuit
(Purpose)

Reduces noise and power for oscillator when a resonator is used.

(Clock diagram)

| iD—I>O—> foscH

Enable oscillation

EMCCRO<DRVOSCH>

X2 pin
I

(Setting method)

The drivability of the oscillator is reduced by writing“0” to EMCCRO<DRVOSCH>
register. At reset, <DRVOSCH?> is initialized to “1” and the oscillator starts oscillation
by normal-drivability when the power-supply is on.

Note: This function (EMCCRO<DRVODCH>= “0") is available when foscy = 6 to 10MHz.
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(2) Reduced drivability for low-frequency oscillator circuit
(Purpose)

Reduces noise and power for oscillator when a resonator is used.

(Block diagram)

I
c1 XT1 pin
—

Enable oscillation
Resonator

S~ EMCCRO<DRVOSCL>

fs
A XT2 pin

(Setting method)

The drivability of the oscillator 1s reduced by writing “0” to the
EMCCRO<DRVOSCL> register. At Reset, <DRVOSCL> is initialized to “1”.

(3) Single drive for high-frequency oscillator circuit

(Purpose)

Remove the need for twin-drives and protect prevent operational errors caused by
noise input to X2 pin when an external-oscillator is used.

(Block diagram)
| _D—I>0—> fosch

X1 pin

1 Enable oscillation

< EMCCRO<DRVOSCH>

X2 pin

|

(Setting method)

The oscillator is disabled and starts operation as buffer by writing “1” to
EMCCRO<EXTIN> register. X2 pin’s output is always “1”.

At reset, <EXTIN> is initialized to “0”.

Note: Do not write EMCCRO<EXTIN> = “1” when using external resonator.
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(4) Runaway prevention using SFR protection register

(Purpose)

Prevention of program runaway caused by introduction of noise.

Write operations to a specified SFR are prohibited so that the program is protected
from runaway caused by stopping of the clock or by changes to the memory control

register (Memory controller, MMU) which prevent fetch operations.

Runaway error handling is also facilitated by INTPO interruption.

Specified SFR list

1.

Memory controller

BOCSL/H, B1CSL/H, B2CSL/H, B3CSL/H, BECSL/H
MSARO, MSAR1, MSAR2, MSARS3,
MAMRO, MAMR1, MAMR2, MAMR3, PMEMCR,

MEMCRO, CSTMGCR, WRTMGCR, RDTMGCRO
RDTMGCR1, BROMCR
MMU
LOCALPX/PY/PZ, LOCALLX/LY/LZ,
LOCALRX/RY/RZ, LOCALWX/WY/WZ,
LOCALESX/ESY/ESZ, LOCALEDX/EDY/EDZ,
LOCALOSX/OSY/0OSZ, LOCALODX/ODY/ODZ
Clock gear
SYSCRO, SYSCR1, SYSCR2, EMCCRO
PLL
PLLCRO,PLLCR1

(Operation explanation)

Execute and release of protection (write operation to specified SFR) becomes possible
by setting up a double key to EMCCR1 and EMCCR2 registers.

(Double key)

1st-KEY: writes in sequence, 5AH at EMCCR1 and A5H at EMCCR2

2nd-KEY: writes in sequence, ASH at EMCCR1 and 5AH at EMCCR2

Protection state can be confirmed by reading EMCCRO<PROTECT>.

At reset, protection becomes OFF.

INTPO interruption also occurs when a write operation to the specified SFR is

executed with protection in the ON state.
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3.4.6  Standby controller

(1) HALT Modes and Port Drive register

When the HALT instruction is executed, the operating mode switches to IDLEZ2,
IDLE1 or STOP Mode, depending on the contents of the SYSCR2<HALTM1:0> register
and each pin-status is set according to the PxDR register, as shown below.

7 6 5 4 3 2 1 0

PxDR ] bit symbol Px7D Px6D Px5D Px4D Px3D Px2D Px1D Px0D
(xxxxH) | Read/Write R/W

System 1 1 1 1 1 1 1 1

Reset State

Hot Reset _ _ _ _ _ _ _ _

State

Function Output/Input buffer drive-register for standby-mode

(Purpose and using)

This register is used to set each pin-status at stand-by mode.

All ports have this registers of the format shown above (“x” indicates the port-name.)
For each register, refer to 3.7 Function of Ports.

Before “HALT” instruction is executed, set each register pin-status. They will be
effective after the CPU has executed the “HALT” instruction.

e This is the case regardless of stand-by mode (IDLE2, IDLE1 or STOP).

The Output/Input-buffer control table is shown below.

OE | PxnD | Output buffer Input buffer
0 0 OFF OFF
0 1 OFF ON
1 0 OFF OFF
1 1 ON OFF

Notel: OE denotes an output enable signal before stand-by mode. Basically, PXxCR is used as OE.
Note2: “n” in PxnD denotes the bit number of PORTX.

The subsequent actions performed in each mode are as follows:

a.IDLEZ2: Only the CPU halts.
The internal I/O is available to select operation during IDLE2 mode by
setting the following register.
Table 3.4.3 shows the registers setting operation during IDLE2 mode.

Table 3.4.3 SFR setting operation during IDLE2 mode

Internal 1/0O SFR
TMRAO1 TAO1RUN<I2TAO01>
TMRA23 TA23RUN<I2TA23>
TMRA45 TA45RUN<I2TA45>
TMRAG7 TA67RUN<I2TA67>
TMRBO TBORUN<I2TBO>
TMRB1 TB1RUN<I2TB1>
SIO0 SCOMOD1<I2S0>
SBI SBIBRO<I2SBI>
A/D converter ADMOD1<I2AD>
WDT WDMOD<I2WDT>

b.IDLE1: Only the oscillator, RTC (real-time clock), and MLD continue to
operate.

¢. STOP: All internal circuits stop operating.
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The operation of each of the different Halt Modes is described in Table 3.4.4.

Table 3.4.4 1/0O operation during Halt Modes

HALT Mode IDLE2 IDLE1 STOP

SYSCR2 <HALTM1:0> 11 10 01

Block

CPU, MAC Stop

1/0 ports Depends on PxDR register setting

TMRA, TMRB

SIO,

SBI Available to select

A/D converter Operation block

WDT

I’S, SDRAMC,

Inter|

SPIC, DMAC, NDFC, Operate

USB

Stop

rupt controller,

RTC

, MLD Operate

2

How to release the Halt mode

These HALT states can be released by resetting or requesting an interrupt. The halt
release sources are determined by the combination of the states of the interrupt mask
register <IFF2:0> and the halt modes. The details for releasing the HALT status are
shown in Table 3.4.5.

Release by interrupt requesting

The HALT mode release method depends on the status of the enabled interrupt.
When the interrupt request level set before executing the “HALT” instruction exceeds
the value of the interrupt mask register, the interrupt is processed depending on its
status after the HALT mode is released, and the CPU status executing the instruction
that follows the HALT instruction. When the interrupt request level set before
executing the HALT instruction is less than the value of the interrupt mask register,
HALT mode release is not executed.(in non-maskable interrupts, interrupt processing
is processed after releasing the halt mode regardless of the value of the mask register.)
However only for NMI, INTO to INT5, INT6, INT7 (asynchronous interrupt),
INTKEY,INTRTC, INTALM interrupts, even if the interrupt request level set before
executing the “HALT” instruction is less than the value of the interrupt mask register,
HALT mode release is executed. In this case, the interrupt is processed, and the CPU
starts executing the instruction following the HALT instruction, but the interrupt
request flag is held at “1”.

Release by resetting
Release of all halt statuses is executed by resetting.

When the STOP mode is released by RESET, it is necessary to allow enough
resetting time for operation of the oscillator to stabilize.

When releasing the halt mode by resetting, the internal RAM data keeps the state
before the “HALT” instruction is executed. However the other settings contents are
initialized. (Releasing due to interrupts keeps the state before the “HALT” instruction
is executed.)
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Table 3.4.5 Source of Halt state clearance and Halt clearance operation

. Interrupt Enabled Interrupt Disabled
Status of Received Interrupt . . . .
(interrupt level) > (interrupt mask) | (interrupt level) < (interrupt mask)
HALT mode IDLE2 IDLE1 STOP IDLE2 IDLE1 STOP
INTWDT x X - - -
NMI " "
INTO to INT5 (Notel) o o} o)
INTKEY
o INTUSB 2 x o 0 x
=] * *
& INT6 to INT7(PORT) (Notel) ! o } o’
[}
% - INT6 to INT7(TMRB) x x x x x
£ | 2 [INTALM, INTRTC « o o <
k7 ]
% £ |INTTAO to INTTA7, INTTPO
I INTTBOO to INTTBOL,
“qo: INTTB10 to INTTB11
g INTRX,INTTX, INTSBI
3 INTI2S0 X X X X X
INTAD, INTADHP
INTSPIRX,INTSPITX
INTRSC, INTRDY
INTDMAOQ to INTDMAS
RESET Reset initializes the LSI

@: After clearing the Halt mode, CPU starts interrupt processing.

O: After clearing the Halt mode, CPU resumes executing starting from instruction following the HALT instruction.

x: Cannot be used to release the halt mode.

—: The priority level (interrupt request level) of non-maskable interrupts is fixed to 7, the highest priority level. This
combination is not available.

*1: Release of the HALT mode is executed after warm-up time has elapsed.

*2: 6 interrupts of all 24 INTUSB sources can release Halt state from IDLE1 mode, allowing for the construction of low

power dissipation systems. However, the method of use is limited as below.

o Shift to IDLE1 mode:
Execute Halt instruction when the flag of INT_SUS or INT_CLKSTOP is “1” ( SUSPEND state )

¢ Release from IDLE1 mode:
Release Halt state by INT_RESUME or INT_CLKON request (release SUSPEND request)
Release Halt state by INT_URST_STR or INT_URST_END request (RESET request)

Note: When the Halt mode is cleared by an INTO interrupt of the level mode in the interrupt enabled status, hold level
H until starting interrupt processing. If level L is set before holding level L, interrupt processing is correctly

started.
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(Example - releasing IDLE1 Mode)
An INTO interrupt clears the Halt state when the device is in IDLE1 Mode.

Address 1
8200H LD : (PCFC), 02H ; Sets PC1 to INTO interrupt.
8203H LD (IIMC0), 00H ; Select INTO interrupt rising edge.
8206H LD (INTEO), 06H ; Sets INTO interrupt level to 6.
8209H El 5 ; Sets CPU interrupt level to 5.
820BH LD (SYSCR2), 28H ; Sets Halt mode to IDLE1 mode.
820EH HALT ! ; Halts CPU.
1
INTO _/ \ INTO intgrrupt routine.
1
]
1) RETI
820FH LD XX, XX
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(3) Operation
a. IDLE2 Mode

In IDLE2 Mode, only specific internal I/O operations, as designated by the
IDLE2 Setting Register, can take place. Instruction execution by the CPU stops.

Figure 3.4.7 illustrates an example of the timing for clearance of the IDLE2
Mode Halt state by an interrupt.

1 1
1 1
X1 | /'N \ | —
1 T
] ! (C ! {
po-nos i
] [ 3] [ }
1 1
DO-D31 = =|-==f-=o-=-{Data f==qd-p=|-==={f-eeqt b == ==l Data } -
1 1
! {( ! L1 —
=) : ) : D))
1 1
1 1
— ! {( ! {(
WR : 2] : 2]
1 1
1
Interrupt for i {S / | \_s(
releasing Halt ! ) ! )
! IDLE2 !
' mode !

Figure 3.4.7 Timing chart for IDLE2 Mode Halt state cleared by interrupt

b. IDLE1 Mode
In IDLE1 Mode, only the internal oscillator and the RTC and MLD continue to

operate. The system clock stops.

In the Halt state, the interrupt request is sampled asynchronously with the
system clock; however, clearance of the Halt state (i.e. restart of operation) is
synchronous with it.

Figure 3.4.8 illustrates the timing for clearance of the IDLE1 Mode Halt state by
an interrupt.

1 1
X1 ! /‘SS'—\ | _‘)
1 1
— ; {0 ! ()
A0~A23 _x ! ) ! ) x
! )) 1 ]
r— ! 1
DO~D31 = == == == == Data - — — 4 ':'""'SS""'T' Lo Lo _Vom\L_.
] ]
N (« : (( |
RD | TT | 1]
| |
1 1
WR ! ( ! ((
WR \ )] | 2]
| |
Interrupt for | ﬁ’
releasing Halt : ()() : \ s('
1 1
! IDLE1 !
' mode

Figure 3.4.8 Timing chart for IDLE1 Mode Halt state cleared by interrupt
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X1\

STOP Mode

When STOP Mode is selected, all internal circuits stop, including the internal
oscillator.

After STOP Mode has been cleared system clock output starts when the
warm-up time has elapsed, in order to allow oscillation to stabilize.

Figure 3.4.9 illustrates the timing for clearance of the STOP Mode Halt state by
an interrupt.

Warm-up
time

AO0~A23 — i S(;
§ g '
SN T S O e e T (A (R feb--4----1-- LG}
RD \'SS": (1 ‘)‘) —
WR i

Interrupt for
releasing Halt

Figure 3.4.9 Timing chart for STOP Mode Halt state cleared by interrupt

Table 3.4.6 Example of warming-up time after releasing STOP-mode

at foscy =10 MHz

SYSCR2<WUPTM1:0>

01 (2% 10 (2 11 (29

25.6 us 1.6384 ms 6.5536 ms
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Table 3.4.7 Input Buffer State Table

Input Buffer State

. . . In HALT mode (IDLE2/1/STOP)
Input Function When the CPU is operating
Port Name . <PxDR>=1 <PxDR>=0
Name During Reset
When Used as | When Used as | When Used as |When Used as| When Used as |When Used as
function Pin Input port function Pin Input port function Pin Input port
D0-D7 D0-D7 OFF ON upon — OFE — OFE —
P10-P17 D8-D15 OFF external read
P60-P67 — OFF — — —
P71-P74 - — — —
P75 NDR/B
B ON ON OFF
P76 WAIT
P90 - — — -
P91 RXDO
P92 c1s0 ,SCLKO ON ON OFF
P96 *1 INT4 ON
P97 — ON - - ON -
PAO-PA7 *1 KIO-KI7
PCO INTO
PC1 INT1,TAOIN ON ON OFF
PC2 INT2
PC3 INT3,TA2IN
PC4-PC7 - _ _ _
PFO-PF2 - OFF
PGO0-PG2 ON upon
PG4,PGS5 *2 OFF P OFF
port read
PG3 *2 ADTRG ON ON ON
PJ5-PJ6 — ON — — —
16-hit external bus starting: ON ON upon
PLO-PL7 D16-D23 16-bit external bus starting: OFF|  external read OFF OFF
PNO-PN7 - — — -
PP3 INT5
PP4 INT6,TBOIN
6,TBOINO ON ON ON OFF
PP5 INT7,TB1INO ON ON
PRO SPDI
PR1-PR3 - — — -
16-bit external bus starting: ON ON upon
PTO-PT7 D24-D31 16-bit external bus starting: OFF external read OFF
OFF
PV6-PV7 SDA, SCL
- ON ON ON
PX5 X1USB
D+, D- -
RESET — Always ON
AMO,AM1 -
NMI -
X1,XT1 — IDLE2/DLE1: ON

ON: The buffer is always turned on. A current flows through the input buffer if
the input pin is not driven.
OFF: The buffer is always turned off.

— : Not applicable

*1: Port having a pull-up/pull-down resistor.
*2: AIN input does not cause a current to flow through the buffer.
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Table 3.4.8 Output buffer State Table (1/2)

Output Function

Output Buffer State

When the CPU is operating

In HALT mode (IDLE2/1/STOP)

Port Name ) <PxDR>=1 <PxDR>=0
Name During Reset
When Used as | When Used as | When Used as | When Used as | When Used as | When Used as
function Pin Output port function Pin Output port function Pin Output port
DO-7 DO-D7 OFF ON upon — OFF - —
P10-17 D8-D15 OFF external write ON ON
P40-P47 AO0-A7
ON
P50-P57 A8-A15
P60-67 A16-A23 ON
P70 RD ON OFF
P71 WRLL , NDRE ON ON
P72 WRLU , NDWE_
P73 EA24 OFF
P74 EA25
P75 R/'w
P76 — — — — OFF
P80 Cso ON ON
P81 Cs1, sbcs
P82 Cs2 , CSZA sbcs
P83 CS3, CSXA
P84 CszB ON ON ON OFF
P85 cszC
P86 CSZD , NDOCE
P87 CSXB , NDICE
P90 TXDO
P91 - OFF - - -
P92 SCLKO
P96 PX ON ON OFF
P97 PY ) ) )
PCO-PC3 — — — —
PC4 EA26
PC5 EA27 OFF
PC6 EA28
PC7 KO8 ON ON OFF
PFO 12S0CKO
PF1 12S0DO
PF2 12S0WS
PF7 SDCLK ON
PG2 MX OFF B B _
PG3 MY ON ON OFF
PJO SDRAS , SRLLB
PJ1 SDCAS , SRLUB
PJ2 SDWE , SRWR ON
PJ3 SDLLDQM
PJ4 SDLUDQM ON ON OFE
PJ5 NDALE, SRULB OFF
PJ6 NDCLE, SRUUB
PJ7 SDCKE ON
PKO-PK7 —
PLO-PL7 D16-D23 OFF
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Table 3.4.9 Output buffer state table (2/2)

Output Buffer State
. . . In HALT mode (IDLE2/1/STOP)
Output Function . When the CPU is operating
Port Name Name During <PxDR>=1 <PxDR>=0
Reset When Used as | When Used as | When Used as | When Used as | When Used as | When Used as
function Pin Output port function Pin Output port function Pin Output port

PM1 MLDALM, TA1OUT
PM2 MLDALM , ALARM ON
PM7 - ON ON OFF

PNO-PN7 KOO0-KO7
PP3 TA70UT OFF

PP4-PP5 — — — —
PP6 TBOOUTO ON ON ON OFF
PP7 TB1OUTO
PRO - - ON - ON - OFF
PR1 SPDO
PR2 SPCS OFF ON ON OFF
PR3 SPCLK

PTO-PT7 D24-D31
PV6 SDA OFF ON ON OFF
PV7 SCL
PX4 CLKOUT ON ON ON OFF
PX5 - OFF - - -

D+, D- - OFF ON/OF depend on USBC operation
X2 _ IDLEZ/l:ON’j )
Always ON STOP: output "H
XT2 _ IDLE2/1:0N,
STOP: output "HZ”

ON: The buffer is always turned on. When the bus is
released, however, output buffers for some pins are
turned off.

OFF: The buffer is always turned off.

— : Not applicable

*1: Port having a pull-up/pull-down resistor.
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3.5

Interrupts

Interrupts are controlled by the CPU Interrupt Mask Register <IFF2:0> (bits 12 to 14
of the Status Register) and by the built-in interrupt controller.
TMP92CF30 has a total of 58 interrupts divided into the following five types:

Interrupts generated by CPU: 9 sources
e  Software interrupts: 8 sources

e Illegal Instruction interrupt: 1 source

Internal interrupts: 39 sources
¢ Internal I/O interrupts: 31 sources

e  Micro DMA Transfer End interrupts /HDMA Transfer End interrupts: 6 sources
e  Micro DMA Transfer End interrupts: 2 source

External interrupts: 10 sources
e Interrupts on external pins (NMI, INTO to INT7, INTKEY)

A fixed individual interrupt vector number is assigned to each interrupt source. Any one of six
levels of priority can also be assigned to each maskable interrupt. Non-maskable interrupts
have a fixed priority level of 7, the highest level.

When an interrupt is generated, the interrupt controller sends the priority of that interrupt
to the CPU. When more than one interrupt is generated simultaneously, the interrupt
controller sends the priority value of the interrupt with the highest priority to the CPU. (The
highest priority level is 7, the level used for non-maskable interrupts.)

The CPU compares the interrupt priority level which it receives with the value held in the
CPU interrupt mask register <IFF2:0>. If the priority level of the interrupt is greater than or
equal to the value in the interrupt mask register, the CPU accepts the interrupt.

However, software interrupts and illegal instruction interrupts generated by the CPU, and
are processed irrespective of the value in <IFF2:0>.

The value in the interrupt mask register <IFF2:0> can be changed using the EI instruction
(EI num sets <IFF2:0> to num). For example, the command EI3 enables the acceptance of all
non-maskable interrupts and of maskable interrupts whose priority level, as set in the
interrupt controller, is 3 or higher. The commands EI and EIO enable the acceptance of all
non-maskable interrupts and of maskable interrupts with a priority level of 1 or above (hence
both are equivalent to the command EI1).

The DI instruction (Sets <IFF2:0> to 7) is exactly equivalent to the EI7 instruction. The DI
instruction is used to disable all maskable interrupts (since the priority level for maskable
interrupts ranges from 0 to 6). The EI instruction takes effect as soon as it is executed.

In addition to the general-purpose interrupt processing mode described above, there is also a
micro DMA processing mode that can transfer data to internal/external memory and built-in
I/0, and HDMA processing mode. In micro DMA mode the CPU, and in HDMA mode the DMA
controller automatically transfers data in 1byte, 2byte or 4byte blocks. HDMA mode allows
transfer faster than Micro DMA mode.

In addition, the TMP92CF30 also has a software start function in which micro DMA and
HDMA processing is requested in software rather than by an interrupt. Figure 3.5.1 is a
flowchart showing overall interrupts processing.
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( Interrupt processing ) DMA soft start

request

Interrupt specified YES
by DMA
start vector ? l

Clear interrupt request flag [¢——————
NO

Interrupt vector calue “V”

read interrupt request F/F clear YES to HDMA processing flow

Start specified
by HDMA

General-purpose

interrupt PUSH PC _
processing PUSH SR Data transfer by micro
SR<IFF2:0> « Level of DMA
accepted
interrupt + 1 Micro DMA
INTNEST « INTNEST + 1 processing

| COUNT « COUNT -1

- | PC « (FFFFOOH + V) |

YES Clear vector register
COUNT =0 generating micro DMA
transfer end interrupt
INTTCO
Interrupt processing NO — ( )

program

RETI instruction
POP SR
POP PC
INTNEST « INTNEST - 1

C o

Figure 3.5.1 Interrupt processing Sequence
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General-purpose Interrupt Processing

When the CPU accepts an interrupt, it usually performs the following sequence of
operations. However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips steps (1) and (3), and executes only steps (2), (4), and
(5).

(1) The CPU reads the interrupt vector from the interrupt controller. When more than one
interrupt with the same priority level has been generated simultaneously, the interrupt
controller generates an interrupt vector in accordance with the default priority and
clears the interrupt requests. (The default priority is determined as follows: The
smaller the vector value, the higher the priority.)

(2) The CPU pushes the program counter (PC) and status register (SR) onto the top of the
stack (Pointed to by XSP).

(3) The CPU sets the value of the CPU’s interrupt mask register <IFF2:0> to the priority
level for the accepted interrupt plus 1. However, if the priority level for the accepted
interrupt is 7, the register’s value is set to 7.

(4) The CPU increments the interrupt nesting counter INTNEST by 1.

(5) The CPU jumps to the address given by adding the contents of address FFFFOOH + the
interrupt vector, then starts the interrupt processing routine.

On completion of interrupt processing, the RETI instruction is used to return control to
the main routine. RETI restores the contents of the program counter and the status
register from the stack and decrements the interrupt nesting counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by a user program. Maskable interrupts,
however, can be enabled or disabled by a user program. A program can set the priority level
for each interrupt source. (A priority level setting of 0 or 7 will disable an interrupt
request.) If an interrupt request is received for an interrupt with a priority level equal to or
greater than the value set in the CPU interrupt mask register <IFF2:0>, the CPU will
accept the interrupt. The CPU interrupt mask register <IFF2:0> is then set to the value of
the priority level for the accepted interrupt plus 1.

If during interrupt processing, an interrupt is generated with a higher priority than the
interrupt currently being processed, or if, during the processing of a non-maskable
interrupt processing, a non-maskable interrupt request is generated from another source,
the CPU will suspend the routine which it is currently executing and accept the new
interrupt. When processing of the new interrupt has been completed, the CPU will resume
processing of the suspended interrupt.

If the CPU receives another interrupt request while performing processing steps (1) to (5),
the new interrupt will be sampled immediately after execution of the first instruction of its
interrupt processing routine. Specifying DI as the start instruction disables nesting of
maskable interrupts.

A reset initializes the interrupt mask register <IFF2:0> to “111”, disabling all maskable
interrupts.

Table 3.5.1 shows the TMP92CF30 interrupt vectors and micro DMA start vectors.
FFFFOOH to FFFFFFH (256 bytes) is designated as the interrupt vector area.
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Table 3.5.1 TMP92CF30 Interrupt Vectors and Micro DMA/HDMA Start Vectors
Default Tt Interrupt Source and Source of Vector |Address Refer /IZA gl(/(l) ADS'\,:I'?,[
Priority yp Micro DMA Request Value to Vector a
Vector
1 Reset or [SWIO] instruction 0000H FFFFOOH
2 [SWI1] instruction 0004H FFFFO4H
3 lllegal instruction or [SWI2] instruction 0008H FFFFO8H
4 [SWI3] instruction 000CH FFFFOCH
5 Non [SWI4] instruction 0010H FFFF10H
6 maskable  [[SWI5] instruction 0014H FFFF14H
7 [SWI6] instruction 0018H FFFF18H
8 [SWI7] instruction 001CH FFFF1CH
9 NMI: NMI pin input 0020H FFFF20H
10 INTWD: Watchdog timer 0024H FFFF24H
- Micro DMA (Note 2) - — -
11 INTO: INTO pin input 0028H FFFF28H OAH(Note 1)
12 INT1: INT1 pin input 002CH FFFF2CH 0BH
13 INT2: INT2 pin input 0030H FFFF30H 0CH
14 INT3: INT3 pin input 0034H FFFF34H ODH
15 INT4: INT4 pin input (TSI) 0038H FFFF38H OEH
16 INTALM: ALM (8192Hz, 512Hz, 64Hz, 2Hz, 1Hz) 003CH FFFF3CH OFH
17 INTTAA4: 8-bit timer 4 0040H FEFF40H 10H
18 INTTADS: 8-bit timer 5 0044H FFFF44H 11H
19 INTTAG: 8-bit timer 6 0048H FFFF48H 12H
20 INTTA7?: 8-bit timer 7 004CH FFFF4CH 13H
21 INTPO: Protect 0 (Write to SFR) 0050H FFFF50H 14H
22 (Reserved) 0054H FFFF54H 15H
23 INTTAO: O 0058H FFFF58H 16H
24 INTTAL: 8-bit timer 1 005CH FFEFF5CH 17H
25 INTTAZ2: 8-bit timer 2 0060H FFFF60H 18H
26 INTTA3: 8-bit timer 3 0064H FFFF64H 19H
27 INTTBO: 16-bit timer O 0068H FFFF68H 1AH
28 INTTB1: 16-bit timer O 006CH FFFF6CH 1BH
29 INTKEY: Key wakeup 0070H FFFF70H 1CH
30 Maskable INTRTC: RTC (Alarm interrupt) 0074H FFFF74H 1DH
31 (Reserved) 0078H FFFE78H 1EH
32 (Reserved) 007CH FFFF7CH 1FH
33 INTRXO: Serial receive end 0080H FFFF80H 20H (Note 1)
34 INTTXO: Serial transmission end 0084H FFFF84H 21H
35 INTTB10: 16-bit timer 1 0088H FFFF88H 22H
36 INTTB11: 16-bit timer 1 008CH FFFF8CH 23H
37 INT5: INT5 pin input 0090H FFFFO0H 24H
38 INT6: INT6 pin input 0094H FFFF94H 25H
39 INT7: INT7 pin input 0098H FFFFO8H 26H
40 INTI2S0: IS (Channel 0) 009CH FFFFOCH 27H
41 (Reserved) 00AOH FFFFAQOH 28H
42 INTADM: AD Monitor function 00A4H FFFFA4H 29H
43 INTSBI: SBI 00A8H FFFFA8H 2AH
44 INTSPIRX: SPIC receive 00ACH FFFFACH 2BH
45 INTSPITX: SPIC transmission 00BOH FFFFBOH 2CH
46 INTRSC: NAND Flash controller 00B4H FFFFB4H 2DH
47 INTRDY: NAND Flash controller 00B8H FFFFB8H 2EH
48 INTUSB: USB 00BCH FFFFBCH 2FH
49 INTRX1: Serial receive end 00COH FFFFCOH 30H
50 INTTX1: Serial transmission end 00C4H FFFFC4H 31H
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Default Type Interrupt Source and Source of Vector |Address Refer /L/I g'{/? ADsl\t/laﬁt
Priority Micro DMA Request Value to Vector
Vector

51 INTADHP: AD most priority conversion end 00C8H FFFFC8H 32H

52 INTAD: AD conversion end 00CCH FFFFCCH 33H

53 INTTCO/INTDMAO: Micro DMAO /HDMAO end 00DOH FFFFDOH 34H

54 INTTC1/INTDMAL: Micro DMA1 /HDMA1 end 00D4H FFFED4H 35H

55 INTTC2/INTDMA2: Micro DMA2 /HDMA2 end 00D8H FFFFD8H 36H

56 INTTC3/INTDMAS: Micro DMA3 /HDMA3 end 00DCH FFFFDCH 37H

57 Maskable INTTC4/INTDMAA4: Micro DMA4 /[HDMA4 end 00EOH FFFFEOH 38H

58 INTTC5/INTDMAS5: Micro DMA5 /HDMAS end 00E4H FFFFE4H 39H

59 INTTC6 : Micro DMA6 end 00E8H FFFFE8H 3AH

60 INTTCY : Micro DMA7 end 00ECH FFFFECH 3BH

- O0OFOH FFFFFOH -

to (Reserved) : : to

— 00FCH FFFFFCH —

Note 1: When initiating micro DMA/HDMA , set at edge detect mode.
Note 2 : Micro DMA default priority.
Micro DMA initiation takes priority over other maskable interrupt.
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3.5.2  Micro DMA processing

In addition to general-purpose interrupt processing, the TMP92CF30 also includes a
micro DMA function and HDMA function. This section explains about Micro DMA function.
For the HDMA function, please refer 3.7 DMA controller.

Micro DMA processing for interrupt requests set by micro DMA is performed at the
highest priority level for maskable interrupts (Level 6), regardless of the priority level of
the interrupt source.

Because the micro DMA function is implemented through the CPU, when the CPU is
placed in a stand-by state IDLE2, IDLE1, STOP) by a HALT instruction, the requirement
of the micro DMA will be ignored (Pending).

Micro DMA supports 8 channels and can be transferred continuously by specifying the
micro DMA burst function as below.

Note: When using the micro DMA transfer end interrupt, always write “1” to bit 7 of SIMC register.
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(1) Micro DMA operation

Notel:

Note2:

When an interrupt request is generated by an interrupt source that specified by the
micro DMA /HDMA start vector register, and Micro DMA start is specified by DMA
selection register, the micro DMA triggers a micro DMA request to the CPU at
interrupt priority level 6 and starts processing the request. When IFF = 7, Micro DMA
request cannot be accepted.

The 8 micro DMA channels allow micro DMA processing to be set for up to 8 types of
interrupt at once.

When micro DMA is accepted, the interrupt request flip-flop assigned to that
channel is cleared. Data in one-byte, two-byte or four-byte blocks is automatically
transferred at once from the transfer source address to the transfer destination
address set in the control register, and the transfer counter is decremented by “1”. If
the value of the counter after it has been decremented is not “0”, DMA processing ends
with no change in the value of the micro DMA start vector register. If the value of the
decremented counter is “0”, a micro DMA transfer end interrupt INTTCO to INTTC?7)
is sent from the CPU to the interrupt controller.

In addition, the micro DMA /HDMA start vector register is cleared to “0”, the next
micro DMA operation is disabled and micro DMA processing terminates.

If an interrupt request is triggered for the interrupt source in use during the interval
between the time at which the micro DMA /HDMA start vector is cleared and the next
setting, general-purpose interrupt processing is performed at the interrupt level set.
Therefore, if the interrupt is only being used to initiate micro DMA /HDMA (and not as
a general-purpose interrupt), the interrupt level should first be set to 0 (i.e, interrupt
requests should be disabled).

If micro DMA and general-purpose interrupts are being used together as described
above, the level of the interrupt which is being used to initiate micro DMA processing
should first be set to a lower value than all the other interrupt levels. (Notel) In this
case, edge-triggered interrupts are the only kinds of general interrupts which can be
accepted.

If the priority level of micro DMA is set higher than that of other interrupts, CPU operates as follows.

In case INTxxx interrupt is generated first and then INTyyy interrupt is generated between checking “Interrupt
specified by micro DMA start vector” (in the Figure 3.5.1) and reading interrupt vector with setting below. The
vector shifts to that of INTyyy at the time.

This is because the priority level of INTyyy is higher than that of INTxxx.

In the interrupt routine, CPU reads the vector of INTyyy because cheking of micro DMA has finished. And
INTyyy is generated regardless of transfer counter of micro DMA.

INTxxx: level 1 without micro DMA

INTyyy: level 6 with micro DMA

If micro DMA requests are set simultaneously for more than one channel, priority is
not based on the interrupt priority level but on the channel number: The lower the
channel number, the higher the priority (Channel 0 thus has the highest priority and
channel 7 the lowest).

Don't start any micro DMAs by one interrupt. If any micro DMA are set by it, micro DMA that channel number is

biggest (priority is lowest) is not started.(Because interrupt flag is cleared by micro DMA that priority is highest)
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Although the control registers used for setting the transfer source and transfer
destination addresses are 32 bits wide, this type of register can only output 24-bit
addresses. Accordingly, micro DMA can only access 16 Mbytes (The upper 8 bits of a
32-bit address are not valid).

Three micro DMA transfer modes are supported: 1byte transfer, 2byte (One word)
transfers and 4byte transfers. After a transfer in any mode, the transfer source and
transfer destination addresses will either be incremented or decremented, or will
remain unchanged. This simplifies the transfer of data from memory to memory, from
I/O to memory, from memory to I/0, and from I/O to I/O. For details of the various
transfer modes, see section 3.5.2 (4) “Detailed description of the transfer mode
register”.

Since a transfer counter is a 16-bit counter, up to 65536 micro DMA processing
operations can be performed per interrupt source (Provided that the transfer counter
for the source is initially set to 0000H).

Micro DMA processing can be initiated by any one of 47 different interrupts — the 46
interrupts shown in the micro DMA start vectors in Table 3.5.1 and a micro DMA soft
start.

Figure 3.5.2 shows a 2-byte transfer carried out using a micro DMA cycle in Transfer
Destination Address INC Mode (micro DMA transfers are the same in every mode
except Counter Mode). (The conditions for this cycle are as follows: both source and
destination memory are internal-RAM and multiple of 4 numbered source and
destination addresses).

1 state

f—1

wl|le|e|®w]|e
o \ N Nt T ]

A23 to A0 src dst

Note: In fact, src and dst address are not outputted to A23-A0 pins
because they are internal RAM address.

Figure 3.5.2 Timing for micro DMA cycle

States (1) and (2): Instruction fetch cycle (Prefetches the next instruction code)
State (3): Micro DMA read cycle.

State (4): Micro DMA writes cycle.

State (5): (The same as in state (1), (2).)
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(2) Soft start function

The TMP92CF30 can initiate micro DMA/HDMA either with an interrupt or by
using the micro DMA /HDMA soft start function, in which micro DMA or HDMA 1is
initiated by a Write cycle which writes to the register DMAR.

Writing “1” to each bit of DMAR register causes micro DMA or HDMA to be
performed once (If write “0” to each bit, micro DMA doesn’t operate). On completion of
the transfer, the bits of DMAR for the completed channel are automatically cleared to
“0”.

When writing again “1” to it, soft start can execute continuously until the DMA
transfer counter (DMACn) or HDMA transfer counter B (HDMACBn) become “0”.

When a burst is specified by the register DMAB, data is transferred continuously
from the initiation of micro DMA until the value in the micro DMA transfer counter is
“0”. If execatee soft start during micro DMA transfer by interrupt source, micro DMA
transfer counter doesn’t change. Don’t use Read-modify-write instruction to avoid
writign to other bits by mistake.

Notel: If it is started by software, don’t set any channels to start in same time.

Note2: If be started sequentially, restart it after confirming micro DMA of all channels is completed (all micro DMA are

set to “0”).

Symbol | Name | Address 7 6 5 4 3 2 1 0
09 DREQ7 | DREQ6 DREQ5 DREQ4 DREQ3 DREQ2 DREQ1 DREQO
109H

DMA L R/W
DMAR Request (Prohibit
q RMW) 0 0 0 0 0 0 0 0
1: Start DMA

(3) Transfer control registers

The transfer source address and the transfer destination address are set in the
following registers. An instruction of the form LDC cr,r can be used to set these

registers.
Channel 0
DMASO Micro DMA source address register 0
DMADO Micro DMA destination address register 0
DMACO Micro DMA counter register 0
DMAMO | Micro DMA mode register 0
Channel 7
DMAS7 Micro DMA source address register 7
DMAD7 Micro DMA destination address register 7
| DMAC7 Micro DMA counter register 7
DMAM7 | Micro DMA mode register 7
8 bits
[ 16 bits
N 32 bits
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(4) Detailed description of the transfer mode register

[0, 0,0]

’\/'Od|e | ‘DMAMOtoDMAM7

f______J

DMAMn[4:0]

Mode Description

Execution Time

000zz

Destination INC mode
(DMADnN +) <« (DMASN)
DMACh <~ DMACn-1
If DMACnh = 0 then INTTCn

5 states

001zz

Destination DEC mode
(DMADN -) « (DMASN)
DMACnN <« DMACnh-1
If DMACnh = 0 then INTTCn

5 states

010zz

Source INC mode
(DMADN) <« (DMASH +)
DMACnN < DMACnh-1
If DMACnh = 0 then INTTCn

5 states

011zz

Source DEC mode
(DMADn) <« (DMASH -)
DMACn « DMACn-1
If DMACnh = 0 then INTTCn

5 states

100zz

Source and destination INC mode
(DMADnN +) « (DMASNh +)
DMACn « DMACn-1
If DMACnh = 0 then INTTCn

6 states

101zz

Source and destination DEC mode
(DMADN -) «— (DMASH -)

DMACn « DMACh-1

If DMACn = 0 then INTTCn

6 states

110zz

Destination and fixed mode
(DMADnN) <« (DMASN)
DMACn <« DMACn-1
If DMACnh = 0 then INTTCn

5 states

11100

Counter mode

DMASn <« DMASn+1
DMACn <« DMACn-1
If DMACnh = 0 then INTTCn

5 states

ZZ: 00 = 1-byte transfer
01 = 2-byte transfer
10 = 4-byte transfer
11 = Reserved

Note 1: n stands for the micro DMA channel number (0 to 7).

DMADN+/DMASN+: Post increment (Register value is incremented after transfer).
DMADN-/DMASN-: Post decrement (Register value is decremented after transfer).

“1/0” signifies fixed memory addresses; “memory” signifies incremented or decremented memory addresses.

Note 2: The transfer mode register should not be set to any value other than those listed above.

Note 3: The execution state number shows number of best case (1-state memory access).
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3.5.3

Interrupt Controller Operation

The block diagram in Figure 3.5.3 shows the interrupt circuits. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each of the 59 interrupts channels there is an interrupt request flag (consisting of a
flip-flop), an interrupt priority setting register and a micro DMA /HDMA start vector
register. The interrupt request flag latches interrupt requests from the peripherals.

The flag is cleared to “0” in the following cases: when a reset occurs, when the CPU reads
the channel vector of an interrupt it has received, when the CPU receives a micro DMA
request (when micro DMA is set), when the CPU receives a HDMA request (when HDMA is
set), when a micro DMA burst transfer is terminated, and when an instruction that clears
the interrupt for that channel is executed (by writing a micro DMA start vector to the
INTCLR register).

An interrupt priority can be set independently for each interrupt source by writing the
priority to the interrupt priority setting register (e.g., INTEO or INTE12). Six interrupt
priorities levels (1 to 6) are provided. Setting an interrupt source’s priority level to 0 (or 7)
disables interrupt requests from that source.

If more than one interrupt request with a given priority level are generated
simultaneously, the default priority (The interrupt with the lowest priority or, in other
words, the interrupt with the lowest vector value) is used to determine which interrupt
request is accepted first. The 3rd and 7th bits of the interrupt priority setting register
indicate the state of the interrupt request flag and thus whether an interrupt request for a
given channel has occurred.

If several interrupts are generated simultaneously, the interrupt controller sends the
interrupt request for the interrupt with the highest priority and the interrupt’s vector
address to the CPU. The CPU compares the mask value set in <IFF2:0> of the status
register (SR) with the priority level of the requested interrupt; if the latter is higher, the
interrupt is accepted. Then the CPU sets SR<IFF2:0> to the priority level of the accepted
interrupt + 1. Hence, during processing of the accepted interrupt, new interrupt requests
with a priority value equal to or higher than the value set in SR<IFF2:0> (e.g., interrupts
with a priority higher than the interrupt being processed) will be accepted.

When interrupt processing has been completed (e.g., after execution of a RETI instruction),
the CPU restores to SR<IFF2:0> the priority value which was saved on the stack before the
interrupt was generated.

The interrupt controller also includes eight registers which are used to store the micro
DMA /HDMA start vector. Writing the start vector of the interrupt source for the micro
DMA or /HDMA processing (See Table 3.5.1), enables the corresponding interrupt to be
processed by micro DMA or HDMA processing. The values must be set in the micro DMA
parameter registers (e.g., DMAS and DMAD) or HDMA parameter registers (e.g., HDMAS,
and HDMAD) prior to micro DMA or HDMA processing.
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Figure 3.5.3 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting registers
Symbol Name Address 7 6 5 4 3 2 1 0
— INTO
INTO - — - -
INTEO FoH | | 10C I0M2 | I0M1 10MO
enable - — R R/W
Always write “0”. 0 o | o 0
INT2 INT1
INT1 & INT2
NTEL Sor I2C om2 | iemi | i2mo 1C M2 | vt I1MO
enable R RIW R R/IW
0 o | o | o 0 o | o 0
INT4 INT3
INT3 & INT4 14 14M2 14M1
INTE34 D1H C | | 14MO 13C 13M2 | 13M1 13M0
enable R R/W R R/W
0 o | o | o 0 o | o 0
INT6 INTS
INT5 & INT6
INTES6 D2H 16C 16M2 | 1I6M1 | I6MO 15C 15M2 | I5M1 1I5MO
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 0
— INT7
INT7 - - - -
INTE7 D3H | | I7C I7M2 | 7M1 I7MO
enable - - R R/W
Always write “0”. 0 0 | 0 0
INTTAL (TMRA1) INTTAO (TMRAOQ)
INTTAO & INTTAL ITALC ITAIM2 | ITAIM1 | ITAIMO ITAOC ITAOM2 | ITAOM1 ITAOMO
INTETAOL D4H
enable R R/W R R/W
0 o | o | o 0 o | o 0
INTTA3 (TMRA3) INTTA2 (TMRA2)
INTTA2 & INTTA3
INTETA23 D5H ITA3C ITA3M2 | ITASM1 | ITASMO ITA2C ITA2M2 | ITA2M1 ITA2MO
enable R R/W R R/W
0 0 | 0 | 0 0 0 | 0 0
INTTA5 (TMRADS) INTTA4 (TMRA4)
INTTA4 & INTTAS ITA ITASM2 ITASM1 ITASM ITA4 ITAAM2 ITAAM1 ITAAM
INTETA45 D6H °C 5 | > | SMO c | 0
enable R R/W R R/W
0 o | o | o 0 o | o 0
INTTA7 (TMRA7) INTTA6 (TMRAG)
INTTAG6 & INTTA7
INTETAG7 D7H ITA7C ITATM2 | ITA7TM1 | ITA7TMO ITAGC ITAGM2 | ITA6M1 ITA6MO
enable R R/W R R/W
0 o | o | o 0 o | o 0
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
Interrupt request flag : L — £
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
INTTBO1 (TMRBO) INTTBOO (TMRBO)
INTTBOO & iTBo1C | ITBotm2 | ITBomz1 | ITBoimo | iTBooc | ITBoom2 | iTBOOMI | ITBOOMO
INTETBO  [INTTBO1 D8H
R RIW R RIW
enable
0 o | o | o 0 o | o | o
INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTB10 & ITB11C | ITB11M2 | ITB11M1 | ITB11MO | ITB10C | ITB10M2 | ITB10M1 | ITB10OMO
INTETB1  [INTTB11 D9H
R R/W R R/W
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTTXO INTRXO
INTRX0 & imxoc | rmxom2 | imxom1 | imxomo | iIrxoc | iIRxom2 | irxom1 | IRxomo
INTESO  [INTTXO DBH
R RIW R R/W
enable
0 o | o | o 0 o | o | o
INTTX1 INTRX1
INTRX1 &
ITX1C | ITX1M2 | ITXIM1 | ITXIMO | IRX1C | IRX1M2 | IRX1M1 | IRX1MO
INTES1  [INTTX1 DCH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTADM INTSBI
INTSBI &
IADMOC IADMM2| IADMM1 | IADMMO [ ISBIOC | ISBIM2 | ISBIM1 | ISBIMO
INTESBIADM |INTADM EOH
R RIW R RIW
enable
0 0 | 0 | 0 0 0 | 0 | 0
INTSPITX INTSPIRX
NTEsp |INTSP! E1H ISPITC | ISPITM2 | ISPITM1 | ISPITMO [ ISPIRC | ISPIRM2 | ISPIRM1 | ISPIRMO
enable R R/W R R/W
0 o | o | o 0 o | o | o
- INTUSB
INTUSB - _ _ _
NTEUSE Ea | | wsec | usem2 | usem1 | 1usemo
enable - - R R/IW
Always write “0”. 0 0 | 0 | 0
- INTALM
INTALM - - - - iaMc | 1aLMm2 | 1ALMME | IALMMO
INTEALM E5H
enable - — R R/W
Always write “0”. 0 0 | 0 | 0
- INTRTC
INTRTC - - - -
INTERTC EsH IRC IRM2 | IRM1 | IRMO
enable - - R R/W
Always write “0". 0 0 | 0 | 0

Interrupt request flag

IXxM2 | IxxM1 [ IxxMO Function (Write)

0 0 0 Disables interrupt requests

0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
— INTKEY
INTKEY — — - — IK IKM2 IKM1 IKM
INTEKEY E9H | | c | | 0
enable — — R R/W
Always write “0”. 0 0 | 0 | 0
- INTI2S0
INTI2S0 - - - —
NTERSO con 112soc | n2som2 | n2som1 | n2somo
enable _ _ R/W R/W
Always write “0”. 0 0 | 0 | 0
INTRSC INTRDY
INTRSC & IRscc | IRscm2 | IRscm1 | IRscmo | IrDye | IRDYM?2 | IRDYM1 | IRDYMO
INTENDFC |INTRDY ECH
R R/W R R/W
enable
0 o | o | o 0 o | o | o
- INTPO
INTPO - - - -
INTEPO EEH | | IPOC IPOM2 | IPOM1 | IPOMO
enable — — R R/W
Always write “0”. 0 o | o |
INTADHP INTAD
INTAD & IADHPC IADHPM2|IADHPM1|IADHPMO IADC IADM2 | IADM1 | IADMO
OINTEAD INTADHP EFH
R R/W R/W R/W
enable
0 0 | 0 | 0 0 0 | 0 | 0
IXxM2 | IxxM1 | IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
Interrupt request flag ) b p. .y
0 1 1 Sets interrupt priority level to 3
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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Symbol Name Address 7 6 5 4 3 2 1 0
INTTC1/INTDMA1 INTTCO/INTDMAO
INTETCO1 INTTCO/INTDMAO & ITC1C ITC1M2 ITC1IM1 ITC1IMO ITCOC ITCOM2 ITCOM1 | ITCOMO
/INTEDMAOL INTTC1/INTDMA1 F1H /IDMA1C [/IDMA1M2|/IDMA1M1|/IDMA1IMO|/IDMAOC |/IDMAOM2|/IDMAOM1 |/IDMAOMO
enable R R/W R R/W
0 0 0 0 0 0 0 0
INTTC3/INTDMA3 INTTC2/INTDMA2
INTETC23 INTTC2/INTDMA2 & ITC3C ITC3M2 ITC3M1 ITC3MO ITC2C ITC2M2 ITC2M1 | ITC2MO
INTEDMA23 INTTC3/INTDMAS3 F2H /IDMA3C [/IDMA3M2|/IDMA3M1|/IDMA3MO|/IDMA2C |/IDMA2M2|/IDMA2M1 |/IDMA2MO
enable R R/W R R/W
0 0 0 0 0 0 0 0
INTTC5/INTDMAS INTTC4/INTDMA4
INTETC45 INTTC4/INTDMA4 & ITC5C ITC5M2 ITC5M1 ITC5MO ITC4C ITC4M2 ITC4M1 | ITC4MO
/INTEDMAA5 INTTCS5/INTDMAS F3H /IDMASC |/IDMA5M2 | /IDMA5M1 |/IDMA5MO0|/IDMAAC |/IDMA4M2|/IDMA4M1 |/IDMA4MO
enable R R/W R R/IW
0 o | o | o 0 o | o | o
INTTC7 (DMA7) INTTC6 (DMAG)
INTTC6 & INTTC7 ITC7C ITC7TM2 | ITC7TM1 | ITC7MO ITC6C ITC6M2 | ITC6M1 | ITC6MO
INTETC67 F4H
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTWD & NMI N|MI | |N1|—WD |
INTWDT/NMI |Flag F7H ITCNMI — — — ITCWD — — —
enable R — R
o | T T 1o T T -
IXxM2 IXxM1 IxxMO Function (Write)
0 0 0 Disables interrupt requests
0 0 1 Sets interrupt priority level to 1
0 1 0 Sets interrupt priority level to 2
0 1 1 Sets interrupt priority level to 3
Interrupt request flag : —
1 0 0 Sets interrupt priority level to 4
1 0 1 Sets interrupt priority level to 5
1 1 0 Sets interrupt priority level to 6
1 1 1 Disables interrupt requests
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xternal interrupt contro
(2) External int t control
Symbol| Name |Address 7 6 5 4 3 2 1 0
ISEDGE 14EDGE I3EDGE I2EDGE I1EDGE IOEDGE IOLE NMIREE
W R/IW R/IW
Interrupt F6H 0 0 0 0 0 0 0 0
IIMCO |input mode | (Prohibit INTSEDGE (INT4EDGE |INT3EDGE |INT2EDGE |INT1EDGE [INTOEDGE [INTO NMI EDGE
control 0 RMW) 0: Rising  |0: Rising 0: Rising |0: Rising [O0: Rising [O0: Rising |0:Edge 0: Falling
1: Falling [1: Falling 1: Falling |1: Falling |1: Falling |1: Falling mode 1: Both edge
1: Level (Falling and
mode Rising)
I7TEDGE I6EDGE
w
Interrupt FAH
IIMC1 |input mode | (Prohibit 0 0
control 1 RMW) INT7EDGE |INT6EDGE
0: Rising  |0: Rising
1: Falling |1: Falling

Note 1: Disable INTO request before changing INTO pin mode from level sense to edge sense. (change <IOLE>from

“1" to “0”)
DI
LD
LD

(IIMCO), XXXXXX0-B
(INTCLR), 0AH

NOP

NOP

NOP

El

X: Don't care, —: No change

; Switches from level to edge.

; Clears interrupt request flag.

; Wait El execution

Note 2: See electrical characteristics in section 4 for external interrupt input pulse width.

Note 3: In port setting, if 16 bit timer input is selected and capture control is executed, INT6 and INT7 don’t depend on

IIMCL1 register setting. INT6 and INT7 operate by setting TBhMOD<TBnCPMZ1:0>.

Settings of External Interrupt Pin Function

Interrupt Pin Name Mode Setting Method
— T\ Falling edge <NMIREE>= “0"
NMI NMI S
_\__f_ Falling /Rising edge <NMIREE>= “1"
_/ Rising edge <IOLE> = 0,<I0EDGE> = 0
INTO PCO T\ Falling edge <IOLE> = 0, <IOEDGE> = 1
igh leve < >=
-/ = Highlevel IOLE>=1
7/ Rising edge <I1IEDGE>=0
INT1 PC1 :
T\ Falling edge <ILIEDGE>=0
I Rising edge <I2EDGE> =0
INT2 PC2 :
T\ Falling edge <I2EDGE>=1
S Rising edge <I3EDGE> = 0
INT3 PC3 :
T\ Falling edge <I3EDGE> = 1
. Rising edge <I4EDGE> =0
INT4 P96 :
T\ Falling edge <M4EDGE> = 1
S Rising edge <ISEDGE> = 0
INT5 PP3 N :
Falling edge <ISEDGE> =1
/S Rising edge <IBEDGE> =0
INT6 PP4 — :
Falling edge <I6EDGE> =1
s Rising edge <I7EDGE> = 0
INT7 PP5 :
T\ Falling edge <I7EDGE> - 1
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(3) SIO receive interrupt control

Symbol | Name | Address 7 6 5 1 0

- - IR1LE IROLE
W W

slo 0 0 1 1
interrupt FSH_ Always Always O:INTRX1 |O:INTRXO

Simc mode (Prohibit 1\ jte «0" write “0” edge edge
control RMW) | (Note) mode mode
LT:IINTRX1 | 1:INTRXO

level level

mode mode

INTRX edge enable

Note: When using the micro DMA transfer end interrupt, always write “1”.

0

Edge detect INTRX

1

“H" level INTRX
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(4) Interrupt request flag clear register
The interrupt request flag is cleared by writing the appropriate micro DMA /HDMA
start vector, as given in Table 3.5.1 to the register INTCLR.

For example, to clear the interrupt flag INTO, perform the following register
operation after execution of the DI instruction.

INTCLR «— OAH ; Clears interrupt request flag INTO.
Symbol Name Address 7 6 5 4 3 2 1 0
FaH CLRV7 CLRV6 CLRV5 CLRV4 CLRV3 CLRV2 CLRV1 CLRVO
Interrupt W
INTCLR clear CKCJ)ntI’O| (Prohibit | | | | | | |
RMW) 0 0 0 0 0 0 0 0
Interrupt vector

(5) Micro DMA start vector registers

These registers assign micro DMA/HDMA processing to sets which source
corresponds to DMA. The interrupt source whose micro DMA /HDMA start vector
value matches the vector set in one of these registers is designated as the micro DMA
/HDMA start source.

When the micro DMA transfer counter (DMACn) or HDMA transfer counter B
(HDMACBn) value reaches “0”, the micro DMA /HDMA transfer end interrupt
corresponding to the channel is sent to the interrupt controller, the micro DMA /HDMA
start vector register is cleared, and the micro DMA /HDMA start source for the channel
is cleared. Therefore, in order for micro DMA /HDMA processing to continue, the micro
DMA /HDMA start vector register must be set again during processing of the micro
DMA /HDMA transfer end interrupt.

If the same vector is set in the micro DMA /HDMA start vector registers of more than
one channel, the lowest numbered channel takes priority.

Accordingly, if the same vector is set in the micro DMA /HDMA start vector registers
for two different channels, the interrupt generated on the lower-numbered channel is
executed until micro DMA /HDMA transfer is complete. If the micro DMA /HDMA start
vector for this channel has not been set in the channel’s micro DMA /HDMA start
vector register again, micro DMA /HDMA transfer for the higher-numbered channel
will be commenced. (This process is known as micro DMA /HDMA chaining.)
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Symbol | Name | Address 7 6 5 4 3 2 1 0
OMAG DMAOV5 | DMAov4 | DMAovV3 | bmAov2 | bmaovi | bmaovo

DMAOV | start 100H RAW

o | o | o | o | o | o
vector
DMAO start vector
VAL DMALV5 | DMALV4 | DMA1v3 | DMALV2 | DMALVL | DMA1VO
DMALV | start 101H RIW
o | o | o | o | o ] o
vector
DMAI1 start vector
OAD pMA2vs | bMa2va | bmazva | pmazve | bmazvi | bmazvo
DMA2V | start 102H RIW
o | o | o | o | o | o
vector
DMA?2 start vector
iAS DMA3V5 | DMA3V4 | DMA3vV3 | DMA3V2 | DMA3V1 | DMA3VO
RIW
DMA3V | start 103H
o | o | o | o | o | o
vector
DMAS start vector
DMA4V5 | DMA4v4 | DMA4v3 | DMA4v2 | DMA4VL | DMA4vO
DMA4
RIW
DMA4V | start 104H
o | o | o | o | o | o
vector
DMAA4 start vector
DMAS5V5 | DMA5V4 | DMASV3 | DMASV2 | DMASVL | DMASVO
DMAS
RIW
DMASV | start 105H
o | o | o | o | o | o
vector
DMADS start vector
DMA6V5 | DMA6V4 | DMA6V3 | DMA6V2 | DMAGVL | DMAGVO
DMA6
RIW
DMAGV | start 106H
o | o | o | o | o | o
vector
DMAG start vector
DMA7V5 | DMA7V4 | DMA7v3 | DMA7vV2 | DMA7VL | DMA7VO
DMA7
RIW
DMA7V | start 107H
o | o | o | o | o | o
vector
DMAT7 start vector
(6) Micro DMA/HDMA select register
This register selectable that is started either Micro DMA or HDMA processing.
Micro DMA /HDMA start vector register (DMAnV) shared with both functions. When
interrupt which match with vector value that is set to DMA/HDMA start vector
register generated, use this register.

Symbol | NAME | Address 7 6 5 4 3 2 1 0

DMASEL5 | DMASEL4 | DMASEL3 | DMASEL?2 | DMASEL1 | DMASELO
Micro R/W
DMA/

DMASEL 10AH 0 0 0 0 0 0
HDMA O:Micro  |0:Micro 0:Micro 0:Micro O:Micro  [0:Micro
select DMA5 | DMA4 DMA3 DMA2 | DMAL | DMAO

1:HDMA5 |1:HDMA4 |1:HDMA3 |1:HDMA2 |1:HDMAL |1:HDMAO
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(7) Specification of a micro DMA burst

Specifying the micro DMA burst function causes micro DMA transfer, once started,

to continue until the value in the transfer counter register reaches “0”. Setting any of
the bits in the register DMAB which correspond to a micro DMA channel (as shown
below) to “1” specifies that any micro DMA transfer on that channel will be a burst

transfer.
Symbol | Name Address 7 6 5 4 3 2 1 0
DBST7 | DBST6 | DBST5 | DBST4 | DBST3 [ DBST2 | DBST1 | DBSTO
DMAB | DMA burst 108H RIW
0 o | o | o | o | o o | o
1: DMA request on Burst mode
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(8) Notes

The instruction execution unit and the bus interface unit in this CPU operate
independently. Therefore, if immediately before an interrupt is generated, the CPU
fetches an instruction which clears the corresponding interrupt request flag, the CPU
may execute this instruction in between accepting the interrupt and reading the
interrupt vector. In this case, the CPU will read the default vector 0004H and jump to
interrupt vector address FFFF04H.

To avoid this, an instruction which clears an interrupt request flag should always be
preceded by a DI instruction. And in the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing and more than 3-instructions (e.g., “NOP” x 3 times). If placed EI instruction
without waiting NOP instruction after execution of clearing instruction, interrupt will
be enable before request flag is cleared.

In the case of changing the value of the interrupt mask register <IFF2:0> by
execution of POP SR instruction, disable an interrupt by DI instruction before
execution of POP SR instruction.

In addition, please note that the following two circuits are exceptional and demand
special attention.

In level mode INTO is not an edge-triggered interrupt. Hence, in level mode the interrupt request
flip-flop for INTO does not function. The peripheral interrupt request passes through the S input of the
flip-flop and becomes the Q output. If the interrupt input mode is changed from edge mode to level
mode, the interrupt request flag is cleared automatically.

INTO level mode

If the CPU enters the interrupt response sequence as a result of INTO going from 0 to 1, INTO must then
be held at 1 until the interrupt response sequence has been completed. If INTO is set to level mode so as
to release a halt state, INTO must be held at 1 from the time INTO changes from 0 to 1 until the halt state
is released. (Hence, it is necessary to ensure that input noise is not interpreted as a 0, causing INTO to
revert to 0 before the halt state has been released.)

When the mode changes from level mode to edge mode, interrupt request flags which were set in level
mode will not be cleared. Interrupt request flags must be cleared using the following sequence.

DI

LD (lIIMC0), 00OH ;  Switches from level to edge.
LD (INTCLR), 0OAH ; Clears interrupt request flag.
NOP ;. Wait El execution

NOP

NOP

El

INTRX

In level mode (The register SIMC<IRXLE> set to “1"), the interrupt request flip-flop can only be cleared
by a reset or by reading the serial channel receive buffer. It cannot be cleared by writing INTCLR
register.

Note: The following instructions or pin input state changes are equivalent to instructions which clear the interrupt

request flag.

INTO: Instructions which switch to level mode after an interrupt request has been generated in edge mode.

The pin input changes from high to low after an interrupt request has been generated in level mode. (“H” — “L”")

INTRX: Instructions which read the receive buffer.
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3.6 DMAC (DMA Controller)

The TMP92CF30 incorporates a DMA controller (DMAC) having six channels. This DMAC
can realize data transfer faster than the micro DMA function by the 900/H1 CPU.

The DMAC has the following features:

1)
2)

3)

4)

5)

6)

7)

8)

Six independent channels of DMA
Two types of transfer start requests

Hardware request (using an interrupt source connected with the INTC) or software
request can be selected for each channel.

Various source/destination combinations

The combination of transfer source and destination can be selected for each channel
from the following four types: memory to memory, memory to I/0, I/O to memory, I/O to
1/0.

Transfer address mode

Only the dual address mode is supported.
Dual-count mechanism and DMA end interrupt

Two count registers are provided to execute multiple DMA transfers by one DMA
request and to generate multiple DMA requests at a time. The DMA end interrupt
(INTDMAO to INTDMAJ) is also provided so that a general-purpose interrupt routine
can be used to prepare for the next processing.

Priorities among DMA channels (the same as the micro DMA acceptance specifications
of the INTC)

DMA requests are basically accepted in the order in which they are asserted. If more
than one request is asserted simultaneously or it looks as if two requests were asserted
simultaneously because one of the requests has been put on hold while other processing
was being performed, the smaller-numbered channel is given a higher priority.

DMAC bus occupancy limiting function

The DMAC incorporates a special timer for limiting its bus occupancy time to avoid
excessive interference with the CPU operation.

The DMAC can be used in HALT (IDLE2) mode.
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3.6.

1 Block Diagram

Figure 3.6.1 shows an overall block diagram for the DMAC.

SDRAM Controller

Address Bus

Bus
Multiplexer

INTC (Interrupt Controller)

Interrupt REQ
—

DMANnV

—DMAC or micro DMA request
source setting

—DMAC or micro DMA soft start
setting
DMAB

—Micro DMA burst setting

[ ]

—DMAC or micro DMA select
setting

DMASEL

State

Source Memory, 1/0

T Bus ACK JAddress Bus
Data Bus
Bus REQ State
CPU
31
DMASN | |
—Micro DMA source address setting Destination Memory, I/0
Address Bus
DMADN | | IAddress Bus
Data Bus
—Micro DMA destination address setting Data Bus
15 o |State
icro DMA REQ, DMACn [State

icro DMA Channel

Micro DMA ACK,
INTTCn

—Micro DMA transfer count setting
7 0

[ 1]

—Micro DMA mode setting

DMAMnN

g 08
x <
a 0
=]
DMAC o a
DMA REQ,
DMA Channel
31 0 [ Address Bus
DMA ACK, HDMASn |
INTDMAn . State
—DMA source address setting
HDMADN | | Data Bus
—DMA destination address setting
15 0
HDMACAN

—DMA transfer count A setting
HDMACBnN

—DMA transfer count B setting

HDMAMnN

—DMA mode setting

il

HDMAE

—DMA operation enable/disable

HDMATR

|

—DMA maximum bus occupancy
time setting, mode setting

Note: “n” denotes a channel number. Micro DMA has eight channels (0 to 7) and DMA has six channels (0 to 5).

Figure 3.6.1 Overall Block Diagram
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3.6.2 SFRs
The DMAC has the following SFRs. These registers are connected to the CPU via a 16-bit
data bus.
(1) HDMASn (DMA Transfer Source Address Setting Register)

The HDMASN register is used to set the DMA transfer source address. When the
source address is updated by DMA execution, HDMASn is also updated.

HDMASO to HDMASS5 have the same configuration.

Although the bus sizing function is supported, the address alignment function is not
supported. Therefore, specify an even-numbered address for transferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

HDMASN Register
7 6 5 4 3 2 1 0
HDMASN | bit Symbol DnSA7 DnSA6 DnSAS5 DnSA4 DnSA3 DnSA2 DnSAl DnSAQ
Read/Write R/W
Reset State o | o o | o | o | o 0 0
Function Source address [7:0] for DMAn
15 14 13 12 11 10 9 8
bit Symbol DnSA15 DnSA14 DnSA13 DnSA12 DnSA11 DnSA10 DnSA9 DnSA8
Read/Write R/W
Reset State o | o o | o [ o | o 0 0
Function Source address [15:8] for DMAn
23 22 21 20 19 18 17 16
bit Symbol DnSA23 DnSA22 DnSA21 DnSA20 DnSA19 DnSA18 DnSA17 DnSA16
Read/Write R/W
Reset State o | o o | o | o | o 0 0
Function Source address [23:16] for DMAN
Source address Source address )
[23:16] [15:8] Source address [7:0]
HDMASO
Channel 0
(0902H) (0901H) (0900H)
HDMAS1
Channel 1
(0912H) (0911H) (0910H)
HDMAS2
Channel 2
(0922H) (0921H) (0920H)
HDMAS3
Channel 3
(0932H) (0931H) (0930H)
HDMAS4
Channel 4
(0942H) (0941H) (0940H)
HDMAS5
Channel 5
(0952H) (0951H) (0950H)
Note: Read-modify-write instructions can be used on all these registers.
Figure3.6.2 HDMASN Register
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(20 HDMADn (DMA Transfer Destination Address Setting Register)

The HDMADn register is used to set the DMA transfer destination address. When
the destination address is updated by DMA execution, HDMADn is also updated.

HDMADO to HDMADS5 have the same configuration.

Although the bus sizing function is supported, the address alignment function is not
supported. Therefore, specify an even-numbered address for transferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

HDMADnN Register

7 6 5 4 3 2 1 0
HDMADN | bit Symbol DnDA7 DnDAG6 DnDAS DnDA4 DnDA3 DnDA2 DnDAl DnDAO
Read/Write R/W
Reset State 0 o | o | o | o | o 0 0
Function Destination address [7:0] for DMAN
15 14 13 12 11 10 9 8
bit Symbol DnDA15 DnDA14 DnDA13 DnDA12 DnDA1l DnDA10 DnDA9 DnDA8
Read/Write R/W
Reset State 0 o | o | o | o | o 0 0
Function Destination address [15:8] for DMAn
23 22 21 20 19 18 17 16
bit Symbol DnDA23 DnDA22 DnDA21 DnDA20 DnDA19 DnDA18 DnDA17 DnDA16
Read/Write R/W
Reset State 0 o | o | o | o | o 0 0
Function Destination address [23:16] for DMANn
Destination address Destination address Destination address
[23:16] [15:8] [7:0]
HDMADO
Channel 0
(0906H) (0905H) (0904H)
HDMAD1
Channel 1
(0916H) (0915H) (0914H)
HDMAD2
Channel 2 (0925H)
(0926H) (0924H)
HDMAD3
Channel 3
(0936H) (0935H) (0934H)
HDMAD4
Channel 4
(0946H) (0945H) (0944H)
HDMADS5
Channel 5
(0956H) (0955H) (0954H)

Note: Read-modify-write instructions can be used on all these registers.

Figure3.6.3 HDMADnN Register
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HDMACAnN

(3) HDMACAn (DMA Transfer Count A Setting Register)

The HDMACAn register is used to set the number of times a DMA transfer is to be
performed by one DMA request. HDMACAnN contains 16 bits and can specify up to
65536 transfers (0001H = one transfer, FFFFH = 65535 transfers, 0000H = 65536
transfers). Even when the transfer count A is updated by DMA execution, HDMACAn
is not updated.

HDMACAO to HDMACAS5 have the same configuration.

HDMACAnN Register

7 6 5 4 3 2 1 0
bit Symbol DnCA7 DnCA6 DnCA5 DnCA4 DnCA3 DnCA2 DnCAl DnCAO0
Read/Write RIW
Reset State o | o | o | o | o | o | o | o
Function Transfer count A [7:0] for DMAn

15 14 13 12 11 10 9 8
bit Symbol DnCA15 | DnCAl4 DnCA13 DnCA12 DnCAl1l DnCA10 DnCA9 DnCA8
Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Transfer count A [15:8] for DMAN

Transfer count A Transfer count A
[15:8] [7:0]
HDMACAO
Channel 0
(0909H) (0908H)
HDMACAL1
Channel 1
(0919H) (0918H)
HDMACA2
Channel 2
(0929H) (0928H)
HDMACA3
Channel 3
(0939H) (0938H)
HDMACA4
Channel 4
(0949H) (0948H)
HDMACA5
Channel 5
(0959H) (0958H)

Note: Read-modify-write instructions can be used on all these registers.

Figure3.6.4 HDMACAnN Register
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(4) HDMACBn (DMA Transfer Count B Setting Register)

The HDMACBnN register is used to set the number of times a DMA request is to be
made. HDMACBnN contains 16 bits and can specify up to 65536 requests (0001H = one
request, FFFFH = 65535 requests, 0000H = 65536 requests). When the transfer count
B is updated by DMA execution, HDMACBn is also updated.

HDMACBO to HDMACBS5 have the same configuration.

HDMACBnN Register

7 6 5 4 3 2 1 0
HDMACBN | bit Symbol DnCB7 DnCB6 DnCB5 DnCB4 DnCB3 DnCB2 DnCB1 DnCBO

Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Transfer count B [7:0] for DMANn

15 14 13 12 11 10 9 8
bit Symbol DnCB15 | DnCB14 DnCB13 DnCB12 DnCB11 DnCB10 DnCB9 DnCB8
Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Transfer count B [15:8] for DMAN

Transfer count B Transfer count B
[15:8] [7:0]
HDMACBO
Channel 0
(090BH) (090AH)
HDMACB1
Channel 1
(091BH) (091AH)
HDMACB2
Channel 2
(092BH) (092AH)
HDMACB3
Channel 3
(093BH) (093AH)
HDMACB4
Channel 4
(094BH) (094AH)
HDMACB5
Channel 5
(095BH) (095AH)

Note: Read-modify-write instructions can be used on all these registers.

Figure3.6.5 HDMACBnN Register
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(5)  HDMAMn (DMA Transfer Mode Setting Register)
The HDMAMn register is used to set the DMA transfer mode.
HDMAMO to HDMAMS5 have the same configuration.
HDMAMnN Register
7 6 5 4 3 2 1 0
HDMAMn | bit Symbol DnM4 DnM3 DnM2 DnM1 DnMO
Read/Write R/W
Reset State 0 | 0 | 0 0 | 0
Function DMA transfer mode Transfer data size
000: Destination INC (/O — MEM) | 00: 1 byte
001: Destination DEC (/O — MEM) | 01: 2 bytes
010: Source INC (MEM — 1/O) 10: 4 bytes
011: Source DEC (MEM — 1/O) 11: Reserved
100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(/10— 1/0)
111: Reserved (Note 2)
Transfer mode
[7:0]
HDMAMO
Channel 0
(090CH)
HDMAM1
Channel 1
(091CH)
HDMAM2
Channel 2
(092CH)
HDMAM3
Channel 3
(093CH)
HDMAM4
Channel 4
(094CH)
HDMAM5
Channel 5
(095CH)
Note 1: Read-modify-write instructions can be used on all these registers.
Note 2: INC: Post-increment
Dec: Post-decrement
I/O: Fixed memory address
MEM: Memory address to be incremented or decremented
Figure3.6.6 HDMAMnN Register
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(6) HDMAE (DMA Operation Enable Register)
The HDMAE register is used to enable or disable the DMAC operation.
Bits 0 to 5 correspond to channels 0 to 5. Unused channels should be set to “0”.

HDMAE Reqgister

7 6 5 4 3 2 1 0
HDMAE | bit Symbol DMAES5 DMAE4 DMAE3 DMAE2 DMAE1 DMAEO
(097EH) | Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function DMA channel operation
0: Disable
1: Enable

Note: Read-modify-write instructions can be used on this register.

Figure3.6.7 HDMAE Register

(77 HDMATR (DMA Maximum Bus Occupancy Time Setting Register)

The HDMATR register is used to set the maximum duration of time the DMAC can
occupy the bus. The TMP92CF30 does not have priority levels for bus arbitration.
Therefore, once the DMAC owns the bus, other masters must wait until the DMAC
completes its transfer operation and releases the bus. This could lead to problems in
the system. To avoid such a situation, the DMAC limits the duration of its bus
occupancy by using this timer register. When the DMAC occupies the bus for the
duration of time set in this register, it releases the bus even if the specified DMA
operation has not been completed yet. After waiting for 16 states, the DMAC asserts a
bus request again to execute the rest of the DMA operation.

The DMAC counts the bus occupancy time regardless of which channel is occupying
the bus. To set the maximum bus occupancy time, ensure that the HDMAE register is
set to “O0H” and set HDMATR<DMATE> to “1” and <DMATRG6:0> to the desired value.

Note: In case of using S/W start with HDMA, transmission start is to set to “1” DMAR register. However DMAR
register can't be used to confirm flag of transmission end. DMAR register reset to “0” when HDMA release bus

occupation once with HDMATR function.

HDMATR Register

7 6 5 4 3 2 1 0
HDMATR | bit Symbol DMATE DMATR6 | DMATR5 | DMATR4 | DMATR3 | DMATR2 | DMATR1 | DMATRO
(097FH) Read/Write R/W
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Timer Maximum bus occupancy time setting
operation The value to be set in <DMATR®6:0> should be obtained by
0: Disable “maximum bus occupancy time / (256/fgys)”.
1: Enable “00H” cannot be set.

Note: Read-modify-write instructions can be used on this register.

Figure3.6.8 HDMATR Register
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3.6.3 DMAC Operation Description

(1) Overall flowchart

Figure 3.6.9 shows a flowchart for DMAC operation when an interrupt (DMA) is
requested.

[ Interrupt (DMA) request ]

To general-purpose interrupt or

Aterrupt specified B No  Mmicro DMA processing flow

DMA staW

Yes

Interrupt request F/F clear
& bus REQ assert

o oo >
Yes
Internal timer start |

—

HDMASN read |

I}

| HDMADnN write |

No
-1=0?

0]
HDMACAN

[ Yes
|
| Bus REQ deassert |

Figure 3.6.9 Overall Flowchart
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(2)

(3

Bus arbitration

The TMP92CF30 includes two controllers (DMA controller and SDRAM controller)
that function as bus masters apart from the CPU. These controllers operate
independently and assert a bus request as required. The controller that receives a bus
acknowledgement acts as the bus master. No priorities are assigned to these two
controllers, and bus requests are processed in the order in which they are asserted.
Once one of the controllers owns the bus, bus requests from other controllers are put on
hold until the bus is released again. While one of the controllers is occupying the bus,
CPU processing including non-maskable interrupt requests is also put on hold.

Transfer source and destination memory setting

Either internal or external memory can be set as the source and destination memory
or I/0 to be accessed by the DMAC. Even when the MMU is used in external memory,
the addresses to be accessed by the DMAC should be specified using logical addresses.
The DMAC accesses the specified source and destination addresses according to the
bus width and number of waits set in the memory controller and the bank settings
made in the MMU.

Although the bus sizing function is supported, the address alignment function is not
supported. Therefore, specify an even-numbered address for transferring 2 bytes and
an address that is an integral multiple of 4 for transferring 4 bytes.

Table 3.6.1 Difference point of address setting between HDMA and micro DMA

Data Length HDMA Micro DMA
1lbyte No restriction
Source address 2byte Even address
4b i i
yte Address in multiples of 4 No restriction
1lbyte No restriction
Destination address 2byte Even address
4byte Address in multiples of 4

(4)

] 1
—L—CPU execution cycle——>'«— DMAC/read —»<«———— DMAC/write ——————j<

Operation timing

The following diagram shows an example of operation timing for transferring 2 bytes
from 16-bit memory connected with the CS2 area to 8-bit memory connected with the
CSl area.

1

1

cycle
1

CPU execution

—

1 1 1
1 1 1
1 1 1
| ! | | | | 1
| | | | | |
) ) ) ) L [/ [} ) | [/ [} ) I [/
| | | ! ! | | | | |
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|nt_XX | | [ [ [ [ J T T T ! | | ! | 1 : : :
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q : : : : l | ; | | | | | | | | | | | I : :
busak T T T T T T
JES— 1 1 1 1 1 1 l\ 1 1 ! V T T T T T T T 1 1 1
cs2 s s s s AT S N S S S H S S R
S ! Undefined after interrupt ! ' ' B N ! ! ' ! ! ! oo '
Cs1 ' requestisasserteduntl . . v o+ v v v v )
A23~A0 | DMAC read cycleis §( ' 800000H: X ' 4gooooH X t400001H' X !
RD popated TN L
[ | | | | | r + + L L { | | | | | |
S-S S R R T R T D T WS s S WS S
| | ] | | | | ! ! t T T T T T T 1 | |
SRLUB | ! 4 bbb N
| 1 | 1 | | | 1 | I/ N | :/I_\_J—:/_| | |
SRLLB R T S e s S A S b s S S
oy ———1—{23s—K 7712k
DIS~DO | | i i el gzedd loci g
1 1 1 1 1 1 1 ] ! ! ] 1 1 1 1 1 1 1
1 1 1 1 1 1 ! ) ! ! ) 1 1 1 1 1 1 1
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3.6.4  Setting Example

This section explains how to set the DMAC using an example.

(1) Transferring music data from internal RAM to I12S by DMA transfer

The 32 Kbytes of data stored in the internal RAM at addresses 2000H to 9FFFH
shall be transferred to FIFO-RAM via I2S. Each time an INTI2S request is asserted, 64
bytes (4 bytes x 16 times) shall be transferred to FIFO-RAM using DMAC channel 0.
Since INTI2S is an FIFO empty interrupt, the first data must be set in advance.
Therefore, only the first 64 bytes shall be transferred by DMA soft start. After 32
Kbytes have been transferred, the INTDMAO interrupt routine shall be activated to
prepare for the next processing.

(a) Main routine

No Instruction Comments
1 Idl (hdmas0),2000H ; Source address = 2000H
2 Idl (hdmad0),i2sbuf ; Destination address = i2sbuf
3 Idw (hdmaca0),16 ; Counter A =16
4 ldw  (hdmacb0),512 ; Counter B =512 (32768/64)
5 ldb  (hdmamO0),0AH ; Transfer mode = source INC, 4 bytes
6 set  0,(hdmae) ; Enable DMA channel 0.
7 Id (dmar),01H ; Transfer the first 64 bytes by DMA soft start.
8 nop ;
9 Id (dmaOv),i2s_vector ; INTI2S = DMAO
10 Id (intedma01),xxH ; INTDMA level = x
11 ldw  (i2sctl0),xxxxH ; Set operation mode for I°S.
12 ldw  (i2sctl1),xxxxH ; Start I°S transmission.
13 ei XX ; Enable CPU interrupts.

(b) INTDMADO interrupt routine

No Instruction Comments
1 res  0,(hdmae) ; Disable DMA channel 0.
2 .
3
4
5
6
7
8
9
10
11 reti
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3.6.5 Note
In case of using S/W start with HDMA, transmission start is to set to “1” DMAR register.
However DMAR register can't be used to confirm flag of transmission end. DMAR register
reset to “0” when HDMA release bus occupation once with HDMATR function. We
recommend to use HDMACBn register (counter value) to confirm flag of transmission end.
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3.6.6

Considerations for Using More Than One Bus Master

In the TMP92CF30, the SDRAM controller and DMA controller may act as the bus
master apart from the CPU. Therefore, care must be exercised to enable each of these
functions to operate smoothly.

To facilitate explanation of DMA operation performed by each bus master, the DMA
transfer operation performed by the DMA controller is defined as “HDMA” and the SDRAM
auto refresh operation performed by the SDRAM controller as “ARDMA”.

The following explains various cases where two or more bus masters may operate at the
same time.

(1) CPU + HDMA

The DMA controller performs DMA transfer (HDMA) after issuing a bus request to
the CPU and getting a bus acknowledgement. The DMA controller may be active while
the CPU is in HALT mode (IDLE2 mode only), in which case HDMA does not interfere
with the CPU operation. However, if HDMA is started while the CPU is active, the CPU
cannot execute instructions while HDMA is being performed.

Before activating the DMA controller, therefore, it is necessary to estimate the CPU
stop time (defined as “tsTop (HDMA)”) based on the transfer time, transfer start
interval, and number of channels to be used.

CPU bus stop rate = tsrop (HDMA)[s] / HDMA start interval [s]

HDMA start interval [s] = HDMA start interrupt period [s]

Note: The HDMA start interval depends on the period of the HDMA start interrupt source. However, it is also possible
to start HDMA by software.

tstor (HDMA) [s] = (Source read time + Destination write time) x Transfer count + o

state/byte
Memory Type External SDRAM External SRAM External SRAM
) Internal RAM . . .
Read / Write 16-bit bus 16-bit bus 8-bit bus
(Note 1) Burst 1/2 (Note 2) (Note 3) (Note 3)
174 "% 212" 271"
Read 1word 6/ 2 (Note 2)
(Note 2)
. Burst 1/2 (Note 3) (Note 3)
2/2 2/1
Write 1/4 1word 3/2 (Note 2)

Note 1: 2-1-1-1 access. Each consecutive address can be accessed in 1 state.
Note 2: The transfer speed varies depending on the combination of source and destination.

a) When the source or destination is internal RAM or internal I/O (SFR), burst access (6-1-1-1 access) is
possible. Only consecutive addresses on the same page can be accessed in 1 state. Additional 4
states are needed at the end of each burst access.

b) When the source or destination is other than internal RAM or internal I/O, 1-word access is used.

Note 3: In the case of 0 waits

state/byte
/O T
) ype I’s NANDF USB SPI
Read / Write
Read - 2/2 2/2 2/4
Write 2/4 2/2 2/2 2/4
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Sample 1: Calculation example for CPU + HDMA

Conditions:
CPU operation speed (fsys) 160 MHz
I2S sampling frequency : 48 kHz (60 MHz/25/50 = 48 kHz)
12S data transfer bit length 116 bits

DMAC channel 0 used to transfer 5 Kbytes from internal RAM to 12S

Calculation example:
DMAC source data read time:
Internal RAM data read time
= 1 state/4 bytes (However, the first 1 byte requires 2 states.)
DMAC destination write time:
12S register write time = 2 states/4 bytes
Transfer count

To transfer 5 Kbytes of data in 4-byte units, the transfer count is calculated as
follows:

5 Kbytes/4 bytes = 1280 [times]

Since I2S generates an interrupt for every 64 bytes, the DMAC’s counter A is set to
16 (64 bytes/4 bytes = 16 times) and counter B is set to 80.

Note: Since an interrupt is generated 80 times, the first read to internal RAM (which requires 1 additional state) occurs
80 times, requiring additional 80 states in total. In addition, from bus REQ to bus ACK, an overhead time of 2

states is also needed for each interrupt request, requiring additional 160 states in total.

tsrop (HDMA) = (1 + 2) x 16) x 80) + 80 + 160) / fsys [s] = 68 [ps]
HDMA start interval [s] = 1/12S sampling frequency [Hz] x (64 / 16 )
= 83.33 [ms]

CPU bus stop rate = tsrop (HDMA) [s] / HDMA start interval [s]
=68 [us] / 83.33 [ms] = 0.08 [%]
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3.7 Function of ports

The TMP92CF30 I/0 port pins are shown in Table 3.7.1. In addition to functioning as
general-purpose I/O ports, these pins are also used by the internal CPU and I/O functions. Table

3.7.2 lists the I/O registers and their specifications.

Table 3.7.1 Port Functions (1/2) (R: PD= with programmable pull-down resistor, U= with pull-up resistor)

Port Name | Pin Name Num'ber /O R I/Q Pin Name fpr built-in
of Pins Setting function
Port 1 P10 to P17 8 I/0 - bit D8 to D15
Port 4 P40 to P47 8 Qutput — (Fixed) A0 to A7
Port 5 P50 to P57 8 Output - (Fixed) A8 to A15
Port 6 P60 to P67 8 I/0 - bit A16 to A23
Port 7 P70 1 Output | — (Fixed) RD
P71 1 /0 - bit WRLL ,NDRE
P72 1 I/O - bit WRLU,NDWE
P73 1 /0 - bit EA24
P74 1 I/0 - bit EA25
P75 1 /0 - bit R/W , NDR/B
P76 1 I/0 - bit WAIT
Port 8 P80 1 Output | — (Fixed) CS0
P81 1 Output | — (Fixed) CS1,SDCS
P82 1 Output | — (Fixed) CS2,CSZA,SDCS
P83 1 Output | — (Fixed) CS3, CSXA
P86 1 Output | - (Fixed) | CSZD,NDOCE
P87 1 Output | - (Fixed) CSXB, NDICE
Port 9 P90 1 I/O - bit TXDO, TXD1
P91 1 I/0 - bit RXDO0, RXD1
P92 1 I/0 - bit SCLKO, cTs0, SCLK1, cTs1
P96 1 Input | PD (Fixed) INT4, PX
P97 1 Input - (Fixed) PY
Port A PAO to PA7 8 Input u (Fixed) KIO to KI7
Port C PCO 1 I/0 - bit INTO
PC1 1 I/0 - bit INT1, TAOIN
PC2 1 I/0 - bit INT2
PC3 1 I/O - bit INT3, TA2IN
PC4 1 I/0 - bit EA26
PC5 1 I/0 - bit EA27
PC6 1 I/0 - bit EA28
PC7 1 I/0 - bit KO8
Port F PFO 1 I/0 - bit I2S0CKO
PF1 1 I/0 - bit 12S0D0
PF2 1 I/0 - bit 12S0WS
PF7 1 Output — (Fixed) SDCLK
Port G PGO to PG1 2 Input - (Fixed) | ANO to AN1
PG2 1 Input - (Fixed) | AN2, MX
PG3 1 Input - (Fixed) AN3, ADTRG, MY
PG4 to PG5 2 Input — (Fixed) | AN4 to AN5
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Table 3.7.1 Port Functions (2/2)

Port Name | Pin Name | N4MPeM o | R | 1o Setting Pin Name for built-in
of Pins function
Port J PJO 1 Output | - (Fixed) SDRAS ,SRLLB
PJ1 1 Output - (Fixed) SDCAS . SRLUB
PJ2 1 Output | - (Fixed) SDWE ,SRWR
PJ3 1 Output - (Fixed) SDLLDQM
PJ4 1 Output - (Fixed) SDLUDQM
PJ5 1 /0 - bit NDALE, SRULB
PJ6 1 /0 - bit NDCLE, SRUUB
PJ7 1 Output — (Fixed) SDCKE
Port K PKO-PK7 8 Output - (Fixed) -
Port L PLO to PL7 8 11O - bit D16 to D23
Port M PM1 1 Output | - (Fixed) MLDALM, TA10UT
PM2 1 Output | - (Fixed) ALARM ,MLDALM
PM7 1 Output - (Fixed) -
Port N PNO to PN7 8 I/O - bit KOO to KO7
Port P PP3 1 I/O - bit INT5, TA70UT, TXDO, TXD1
PP4 1 I/O - bit INT6, TBOINO, RXDO, RXD1
PP5 ) INT7, TB1INO, SCLKO, CTS0
1 110 - bit SCLKL, CTa1
PP6 1 Output | - (Fixed) TBOOUTO
Port R PRO 1 I/0 - bit SPDI
PR1 1 I/0 - bit SPDO
PR2 1 /0 - bit SPCS
PR3 1 I/0 - bit SPCLK
Port T PTO to PT7 8 I/O - bit D24 to D31
Port V PV6 1 I/0 - bit SDA
PV7 1 /0 - bit SCL
Port X PX4 1 Output — (Fixed) CLKOUT
PX5 1 I/O — bit X1USB, X1D4
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Table 3.7.2 1/0 Port and Specifications (1/5) X: Don't care
. s I/O register
Port Pin name Specification
Pn PnCR | PnFC [PnFC2
Port 1 P10 toP17 Input port X 0 0
Output port X 1 None
D8 to D15 bus X X 1
Port 4 P40 to P47 Qutput port X None 0 None
A0 to A7 Output X None 1
Port 5 P50 to P57 Output port X None 0 None
A8 to A15 Output X None 1
Port 6 P60 to P67 Input port X 0 0
Output port X 1 None
A16 to A23 Output X X 1
Port 7 P70 to P76 Output port X 1 0
P71to P76 Input port X 0 0
P70 RD Output X None 1
P71 WRLL Output 1 1 1
NDRE Output 0
P72 WRLU Output 1
—— 1 1 None
NDWE Output 0
P73 EA24 Output X 1 1
P74 EA25 Output X 1 1
P75 R/W Output X 1 1
NDR/B Input X 0 1
P76 WAIT Input X 0 1
Port 8 P80 to P87 Output port X 0 0
P80 Cso Output X 1 None
P81 CS1 Output X 1 0
SDCS Output X X 1
P82 CS2 Output X 1 0
CSZA Output X 0 1
SDCS Output X None 1 1
P83 CS3 Output X 1 0
CSXA Output X X 1
P86 CSzD Output X 1 0
NDOCE Output X 1 1
P87 CSXB Output X 1 0
NDICE Output X 1 1
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Table3.7.2 1 I/O Port and Specifications (2/5) X: Don't care
, L I/O register
Port Pin name Specification
Pn PnCR | PnFC | PnFC2
Port 9 P90, P92 Input port X 0 0 None
P91 Input port, RXDO Input X 0 None None
P96 Input port X None 0 None
P97 Input port X None None None
P90 to P92 Qutput port X 1 0 0
P90 TXDO Output X 1 1 0
TXDO0 Output (Open-drain) X 1 1 1
TXD1 Output X 1 1 0
TXD1 Output (Open-drain) X 1 1 1
P92 SCLKO Output X 1 1 <P95F2> =0
SCLKO, cTs0 Input X 0 0 0
SCLK1 Output X 1 1 <P95F2> =1
SCLK1, cT1s1 Input X 0 0 0
P96 INT4 Input X None 1 None
Port A PAO to PA7 Input port X None 0 None
KIO to KI7 Input X 1 None
Port C PCO to PC3 Input port X 0 0 None
PC5to PC7 Output port X 1 0 None
PC4 Input port X 0 0 X
Output port X 1 0 X
PCO INTO Input X 0 1 None
PC1 INT1 Input X 0 1 None
TAOIN Input X 1 1 None
PC2 INT2 Input X 0 1 None
PC3 INT3 Input X 0 1 None
TA2IN Input X 1 1 None
PC4 EA26 Output X 0 1 X
(PC4) SPDI Input X 1 1 1
(PRO) SPDI Input X 1 1 0
PC5 EA27 Output X 0 1 None
SPDO Output X 1 1 None
PC6 EA28 Output X 0 1 None
SPCLK Qutput X 1 1 None
PC7 KO8 Output (Open-drain) X 1 1 None
Port F PFO to PF2 Input port X 0 0 None
PFO to PF2 Output port X 1 0
PF7 Output port X None 0
PFO 12SO0CKO Output X X 1
None
PF1 12S0DO Output X X 1
PF2 12SOWS Output X X 1
PF7 SDCLK Output X None 1
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Table3.7.2 1/0 Port and Specifications (3/5) X: Don't care
I/O register
Port Pin name Specification
Pn PnCR | PnFC |PnFC2
Port G PGO to PG5 Input port None
ANO to ANS5 Input
PG3 ADTRG Input X None 1 None
PG2 MX Output  Note:
PG3 MY Output Note: None
Port J PJ5 to PJ6 Input port X 0 0
PJ5 to PJ6 Output port X 1 0
PJO to PJ4,
PJ7 Output port X None 0
PJO SDRAS ,SRLLB Output X 1
PJ1 SDCAS , SRLUB Output X 1
PJ2 SDWE ,SRWR Output X None 1
PJ3 SDLLDQM Output X 1 Nene
PJ4 SDLUDQM Output X 1
PJ5 NDALE Output X 1 1
PJ5 SRUUB output X 0 1
PJ6 NDCLE Output X 1 1
PJ6 SRULB output X 0 1
PJ7 SDCKE Output X None 1
Port K PKO to PK7 Output port X None 0 None
Port L PLO to PL7 Input port X 0 0 0
Output port X 1 0 0
D16 to D23 X X X 1
Port M PM1, PM2, Output port X 0
PM7
PM1 TA1OUTOutput 0 1
MLDALM Output 1 None 1 None
PM2 MLDALM Output 0 1
ALARM Output 1 1
Port N PNO to PN7 Input port X 0 0
Output port (CMOS Output) X 1 0 None
KO Output (Open-drain Output) X 1
Note: Case of using touch screen.
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Table 3.7.2 1/0O Port and Specifications (4/5) X: Don't care
. o I/O register
Port Pin name Specification
Pn PnCR | PnFC PnFC2
Port P PP3 to PP5 Input port X 0 0 <PP1F2:3F2>=0
Output port X 1 0 <PP1F2:3F2>=0
PP6 Output port X None 0 None
PP3 INT5 input X 0 1 <PP1F2>=0
TA70UT Output X 1 1 <PP1F2>=0
TXDO Output <PPOF2>=0
X X X <PP1F2>=1
<PP4F2>=1
TXDO Output (Open-drain) <PPOF2>=1
X X X <PP1F2>=1
<PP4F2>=1
TXD1 Output <PPOF2>=0
X X X <PP1F2>=1
<PP4F2>=0
TXD1 Output (Open-drain) <PPOF2>=1
X X X <PP1F2>=1
<PP4F2>=0
PP6 INT6 Input X 0 <PP2F2>=0
TBOINO Input X 1 <PP2F2>=0
<PP2F2>=1
RXD1 (PP4/RXD1) Input X X ~PP5F250
<PP2F2>=1
RXD1(P91/RXD1) Input X X ~PPSFoo]
PP5 INT7 Input X 0 <PP3F2>=0
TB1INO Input X 1 <PP3F2>=0
SCLK1 (PP5/SCLK1) Input X 0 X <PP3F2>=1
CTS1 Input <PP6F2>=0
SCLK1 (P92/SCLK1) Input X 0 X <PP3F2>=1
CTS1 Input <PP6F2>=1
<PP3F2>=1
SCLKO Output X 1 X <PPEF2o=1
<PP3F2>=1
SCLK1 Output X 1 X <PPEFZ>=0
PP7 TB1OUTO Output X None 1 None
Port R PRO to PR3 Input port X 0 0
Output port X 1 0
PRO SPDI_PRO Input (to PC4) X 0 1 None
PR1 SPDO Output X 1 1
PR2 SPCS Output X 1 1
PR3 SPCLK Output X 1 1
Port T PTO to PT7 Input port X 0 0 0
Output port X 1 0 0
D24 to D31 X X 1 1
Port V PV6 to PV7 Input port X 0 0 0
Output port X 1 0 0
Output port (Open-drain) X 1 0 1
PV6 SDA I/O0 X 1 1 0
SDA /O (Open-drain) X 1 1 1
PV7 SCL I/O X 1 1 0
SCL I/O (Open-drain) X 1 1 1
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Table 3.7.2 1/0O Port and Specifications (5/5) X: Don't care
. s I/O register
Port Pin name Specification
Pn PnCR | PnFC PnFC2
Port X PX5 Input port X 0 0 X

PX4 Output port X None 0 X

PX5 Output port X 1 0 X

PX4 CLKOUT Output 0 None 1 X

PX5 X1USB Input X 0 1 None
X1D4 Output (Output clock = x1/8) 1 1 1 <PX5F2:4F2>=00
X1D4 Output (Output clock = x1/4) 1 1 1 <PX5F2:4F2>=01
X1D4 Output (Output clock = x1/2) 1 1 1 <PX5F2:4F2>=10
X1D4 Output (Output clock = x1/1) 1 1 1 <PX5F2:4F2>=11
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3.7.1

Port 1 (P10 to P17)

Port1 is an 8-bit general-purpose I/0 port. Bits can be individually set as either inputs or
outputs by control register P1CR and function register P1FC.

In addition to functioning as a general-purpose I/0 port, portl can also function as a data
bus (D8 to D15).

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 1
to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Data bus (D8 to D15)
1 0 Data bus (D8 to D15)
1 1 Don't use this setting

P1CR Register

P1FC Register

External write enable —™

P1 Register
S
> 0 P10 to P17
D8 to D15 - >l 1 (D8 to D15)
¢ Selector
S
Port read data _ 1=
0
D8 to D15 - Selector P
External read enable——m= D—r
Figure 3.7.1 Portl
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Port 1 register
7 6 5 4 3 2 1 0
P1 bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(0004H) | Read/Write R/W
System . : wy
Reset State Data from external port (Output latch register is cleared to “0”)
Port 1 Control register
7 6 5 4 3 2 1 0
P1CR ]bit Symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0006H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Input 1: Output
Port 1 Function register
7 6 5 4 3 2 1 0
P1FC bit Symbol P1F
(0007H) | Read/Write W
System 1
Reset State
. 0: Port
Function 1:Data bus
(D8 to D15)
Port 1 Drive register
7 6 5 4 3 2 1 0
P1DR bit Symbol P17D P16D P15D P14D P13D P12D P11D P10D
(0081H) | Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for P1CR, P1FC.
Figure 3.7.2 Register for Portl
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3.7.2  Port4 (P40 to P47)

Port4 is an 8-bit general-purpose Output ports. In addition to functioning as a
general-purpose Output port, port4 can also function as an address bus (A0 to A7). Each
bit can be set individually for function. Setting the AM1 and AMO pins as shown below and
resetting the device initialize port 4 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus (A0 to A7)
1 0 Address bus (A0 to A7)
1 1 Don't use this setting

P4FC Register

P4 Register
S
0 > [ ] P40 to P47
A0 to A7 - 1 (AO to A7)
Selector
Read data -«

Figure 3.7.3 Port4
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Port 4 register
7 6 5 4 3 2 1 0
P4 bit Symbol P47 P46 P45 P44 P43 P42 P41 P40
(0010H) Read/Write R/IW
System
Reset State 0 0 0 0 0 0 0 0
Port 4 Function register
7 6 5 4 3 2 1 0
PAFC bit Symbol P47F P46F P45F P44F P43F P42F P41F P40F
(0013H) Read/Write W
System
Reset State 1 1 1 1 1 1 1 1
Function 0:Port 1:Address bus (AO to A7)
Port 4 Drive register
7 6 5 4 3 2 1 0
P4DR bit Symbol P47D P46D P45D P44D P43D P42D P41D P40D
(0084H) Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for P4FC.
Figure 3.7.4 Register for Portl
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3.7.3  Port5 (P50 to P57)

Port5 is an 8-bit general-purpose Output ports. In addition to functioning as a

general-purpose I/O port, port5 can also function as an address bus (A8 to A15). Each bit
can be set individually for function. Setting the AM1 and AMO pins as shown below and

resetting the device initialize port 5 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus (A8 ~ A15)
1 0 Address bus (A8 ~ A15)
1 1 Don't use this setting

P5FC Register

P5 Register

s P50 to P57
0 ] (A8 to A15)

A8 to Al5 - > 1

Selector
Read data =
Figure 3.7.5 Port5
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Port 5 register
7 6 5 4 3 2 1 0
P5 bit Symbol P57 P56 P55 P54 P53 P52 P51 P50
(0014H) | Read/Write R/W
System
Reset State 0 0 0 0 0 0 0 0
Port 5 Function register
7 6 5 4 3 2 1 0
P5FC bit Symbol P57F P56F P55F P54F P53F P52F P51F P50F
(0017H) | Read/Write W
System
Reset State 1 1 1 1 1 1 1 1
Function 0:Port 1:Address bus (A8 to A15)
Port 5 Drive register
7 6 5 4 3 2 1 0
P5DR bit Symbol P57D P56D P55D P54D P53D P52D P51D P50D
(0085H) Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for P5FC.
Figure 3.7.6 Register for Port5
92CF30-96 2009-06-12



TOSHIBA

TMP92CF30

3.7.4  Port6 (P60 to P67)

Port6 is an 8-bit general-purpose I/O ports. Bits can be individually set as either inputs

or outputs and function by control register P6CR and function register P6FC.

In addition to functioning as a general-purpose I/O port, port6 can also function as an
address bus (A16 to A23). Setting the AM1 and AMO pins as shown below and resetting the
device initialize port 6 to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Address bus(A16 ~ A23)
1 0 Address bus(A16 ~ A23)
1 1 Don't use this setting

P6CR Register

P6FC Register

P6 Register
\ 4
S
0 P60 to P67
A16 to A23 - > 1 (A16 to A23)
* Selector
S <
Read data —= 0 e
Selector
Figure 3.7.7 Port6
92CF30-97 2009-06-12



TOSHIBA

TMP92CF30
Port 6 register
7 6 5 4 3 2 1 0
P6 bit Symbol P67 P66 P65 P64 P63 P62 P61 P60
(0018H) | Read/Write R/W
System : : wy
Reset State Data from external port (Output latch register is cleared to “0”)
Port 6 Control register
7 6 5 4 3 2 1 0
P6CR bit Symbol P67C P66C P65C P64C P63C P62C P61C P60C
(001AH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Function O:Input 1:Output
Port 6 Function register
7 6 5 4 3 2 1 0
P6FC bit Symbol P67F P66F P65F P64F P63F P62F P61F P60F
(001BH) Read/Write W
System
Reset State 1 1 1 1 1 1 1 1
Function 0: Port 1:Address bus (A16 to A23)
Port 6 Drive buffer register
7 6 5 4 3 2 1 0
P6DR bit Symbol P67D P66D P65D P64D P63D P62D P61D P60D
(0086H) Read/Write R/W
System
Reset State 1 1 1 1 1 1 1 1
Hot Reset
State B B B B B B B B
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for P6CR, P6FC.
Figure 3.7.8 Register for Port 6
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3.75 Port7 (P70 to P76)

Port7 is a 7-bit general-purpose I/O port (P70 is used for output only). Bits can be
individually set as either inputs or outputs by control register P7CR and function register
P7FC.

In addition to functioning as a general-purpose I/O port, P70 to P76 pins can also
function as interface-pins for external memory.

A reset initializes P70 pin to output port mode, and P71 to P76 pins to input port mode.

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 7
to the following function pins:

Initial setting of P70 pin

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 RD pin
1 0 RD pin
1 1 Don't use this setting

P7FC register

P7 register oS
RD 1 > [ ] Pro(Ro)
Selector
Port read data
P7CR register
P7FC register
. S -
P7 register 0 EI P71 (WRLL ,NDRE )
1 v P72 (WRLU , NOWE )
— S
NDRE , NDWE 0 J Selector
WRLL , WRLU 1
Selector S 1
Port read data
0
Selector

Figure 3.7.9 Port7

92CF30-99 2009-06-12



TOSHIBA

TMP92CF30
P7CR register
P7FC register
P7 register S P73 (EA24)
0 e P74 (EA25)
EA24, EA25 1
Selector
S1
Read data
0
Selector
P7CR register
P7FC register
V
P7 register 0 S El
1 - P75(R/W, NDR/B)
R/W
Selector
S
Port read data 1
e
0 \l
— ~— — | Selector
NDR/B N
P7CR register
P7FC register
P7 register | P76 (waiT)
1
Port read data <}—

WAIT

=

Figure 3.7.10 Port7
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Port 7 register
7 6 5 4 3 2 1 0
P7 bit Symbol P76 P75 P74 P73 P72 P71 P70
(001CH) | Read/Write RIW
System Data from external port | Data from external port | Data from external port
R)éset State (Output latch register is | (Output latch register is | (Output latch register is 1
set to “1") cleared to “0") set to “1")
Port 7 Control register
7 6 5 4 3 2 1 0
P7CR bit Symbol P76C P75C P74C P73C p72C p71C
(001EH) | Read/Write W
System
Reset State 0 0 0 0 0 0
Function 0: Input 1: Output
Port 7 Function register
7 6 5 4 3 2 1 0
P7FC bit Symbol P76F P75F P74F P73F P72F P71F P70F
(001FH) | Read/Write W
System
Reset State 0 0 0 0 0 0 1
Function 0:Port Refer to following table 0:Port O:Port 0:Port
1 WAIT 1: Nowe |1 1: rRD
at NDRE at
<P72>=0 |[<P71>=0
WRLU at | wrLL at
<P72>=1 [<P71>=1
Port 7 Drive register
7 6 5 4 3 2 1 0
P7DR bit Symbol P76D P75D P74D P73D P72D P71D P70D
(0087H) | Read/Write R/W
System
Reset State 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
P73 setting P72 setting P71 setting
<P73C> <P72C> <P71C>
<P73FS 0 ! <P72F> 0 ! <P7IFS 0 1
0 Input Port Output Port 0 Input Port Output Port 0 Input Port Output Port
Reserved EA240utput Reserved NDWE Output Reserved | NDRE Output
1 1 (at <P72>=0) 1 (at <P71>=0)
WRLU Output WRLL Output
(at <P72>=1) (at <P71>=1)
P76 setting P75 setting P74 setting
<P76C> <P75C> P74C
<P76F> 0 ! <P75F> 0 1 e 0 1
0 Input Port Qutput Port 0 Input Port Output Port 0 Input Port | Output Port
1 WAITInput | Reserved 1 NDR/B Input | R/W Output 1 Reserved | EA250utput

Notel: A read-modify-write operation cannot be performed for P7CR, P7FC.

Note2: When NDRE and NDWE are used, set registers in the following order to avoid outputting a negative glitch.

Order

(@)
@
(©)

Registser bit2 bitl
P7 0 0
P7FC 1 1
P7CR 1 1

Figure 3.7.11 Register for Port 7
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3.7.6  Port 8 (P80 to P83, P86, P87)

Port 8 is 6-bit output ports. Resetting sets the output latch of P82 to “0” and the output
latches of P80 to P81, P83, P86 and P87 to “1”.

Port 8 can also be set to function as an interface-pin for external memory using function

register PSFC.

Writing “1” in the corresponding bit of PSFC and P8FC2 enables the respective

functions.

Resetting PS8FC to “0” and P8FC2 to “0”, sets all bits to output ports.

Reset

l

M\ Function

control2

P8FC2 write

Function
control

i
P8FC write

1

Output latch

Internal data bus

)

P8 write

P8 read

Selector

]

P80 (Cs0)

P81 (CS1,SDCS)

P82 (CS2,CSZA,SDCS)
P83 (CS3,CSXA)

P86 (CSzZD,NDOCE)
P87 (CSXB ,NDICE)

“1",SDCS,CSZA ,CSXA 1", “1”

Figure 3.7.12 Port 8

CS0,SDCS, SDCS ; CSXA ,NDOCE , NDICE
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Port 8 register
7 6 5 4 3 2 1 0
P8 bit Symbol P87 P86 P83 P82 P81 P80
(0020H) | Read/Write R/IW R/IW
System
Reset State 1 1 1 0 (Note3) 1 1
Port 8 Function register
7 6 5 4 3 2 1 0
P8FC bit Symbol P87F P86F P83F P82F P81F P8OF
(0023H) | Read/Write w W
System
Reset State 0 0 0 0 0 0
Function 0: Port 0: Port Refer to following table |O0: Port 0: Port
1: <P87F2> | 1: <P86F2> 1: csi 1: cso
Port 8 Function registers 2
7 6 5 4 3 2 1 0
P8FC2 bit Symbol P87F2 P86F2 P83F2 P82F2 P81F2
(0021H) | Read/Write w W
System
Reset State 0 0 0 0 0
Function 0:CsxB 0: cszp Refer to following table | 0: <P81F>
1: NDICE 1. NDOCE 1. sbcs
Port 8 Drive register
7 6 5 4 3 2 1 0
P8DR bit Symbol P87D P86D P83D P82D P81D P80D
(0088H) |Read/Write RIW Riw
System
Reset State 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
P86 setting P83 setting P82 setting
<P86F> <P83F> <P82F>
<P86F2> 0 1 <P83F2> 0 ! <P82F2> 0 !
0 Output port Cszb 0 Output Ccs3 0 Output port | cs2 Output
Output port Output —
— —— 1 CSZA SDCS
1 or NDOCE 1 CSXA Output Output Output
setting Output
P87 setting
<P87F>
<P87F2> 0 !
0 Output port CSXB Output
1 Don't setting | NDICE Output

Notel: A read-modify-write operation cannot be performed for PBFC and P8FC2.
Note2: Do not write “1” to P8<P82> register before setting P82-pin to CS2 or CSZA because, on reset, P82-pin

outputs “0" as CE for program memory.
Note3: When npoce and Npice are used, set registers by following order.

Order Registser bit2 bitl
1) P8 1 1
2 P8FC2 1 1
3) P8FC 1 1

Figure 3.7.13 Register for Port 8
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3.7.7

Port 9 (P90 to P92, P96, P97)

P90 to P92 are 3-bit general-purpose I/O port. I/O can be set on a bit basis using the
control register. Each bit can be set individually for input or output. Resetting sets P90 to
P92 to input port and all bits of output latch to”1”.

P96 to P97 are 2-bit general-purpose input port.

Writing “1” the corresponding bits of POFC enables the respective functions.

Resetting resets the POFC to “0”, and sets all bits to input ports.

(1) Port 90 (TXDO), Port 91 (RXDO0), Port 92 (SCLKO, CTS0)

Ports 90 to 92 are general-purpose I/O port. They are also function as either SIO0 or
SIO1. SIO0 and SIO1 functions are also used as PP3 to PP5 pins. When selecting SIO0
function (using Port 9 or Port P), set POFC2<P93F2, P94F2, P95F2>. And when
selection SIO1 function (using Port 9 or Port P), set PPFC2<PP4F2, PP5F2, PP6F2>.

SI0O mode UART, IrDA mode
(SIO0 module) (SIO0 module)
POD TXDO, TXD1 TXDO
(Data output) (Data output)
Po1 RXDO, RXD1 RXDO
(Data input) (Data input)
P92 SCLKO, SCLK1 CTSO, CTslL
(Clock input or output) (Clear to send)
~ Reset
Direction
control
(on bit basis)
) PIOCR write
Function
control
(on bit basis)
g T
2 POFCwrite
g ——
©
z . A S
5 Output latch Selector
=
P9 \I/rite B
Open-drain
oTu>t(x|)3uci_ A ’_> possible
Selector POFC2<P90F2>
TXDloutput—{B S )
T S B
P9FC2<£?3F2> Selector
W™
P9 read A
M

Figure 3.7.14 P90

P90 (TXDO, TXD1)
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Reset
N 3
Direction
control
(on bit basis)
T
POCRwrite
i_j
Function
control
(on bit basis)
POFCwrite
w 1
=] S
2 A S
S Output latch
z Selector N
= ) P91 (RXDO, RXD1)
£ P9 write B P92 (SCLKO,CTS0,
IS SCLK0O —| A
output | Selector
SCLK1 —|B S
output ) \[
P9FC2<P95F2> S B
pd
N Selector
P9 read A
RXDO input A (to PP4,PP5)
SCLKO input «—— selector P91/RXD1, P92/SCLKI1
CTSO input S B I
J T
(from PP4,PP5)
POFC2<P94F2>  pp4/RXDO, PP5/SCLKIO
<95F2>
Figure 3.7.15 P91, 92
Y
Reset
" Function
a control u AVCC
o
8 TSICRO<PXEN>
= Switch for TSI
g POFC write <PYEN>?DO—{ V0,100
g TSICRO<TSI7> yp-:
ﬁ ’@‘ [ ]P96 (INT4,PX)
P9 read Po7 (PY)
TSICR1<DBC7> Only for P96
~ I | _______________________________ v
. E
1 S A i
INT4 Rising/Falling (:_ Selector De-bounceJ i
edge-ditection |; Circuit '
1
; !
. 1
IMC<I4EDGE> | TSICRO<TWIEN , TSI7> i
1
1
1
1

TSICRO<PXEN>
TSICRO<TSI7>

SCLK1,CTS1)

Figure 3.7.16 Port 96,97

-7

Pull-down resistor
typ.50kQ
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Port 9 register

7 6 5 4 3 2 1 0
P9 bit Symbol P97 P96 P92 P91 P90
(0024H) | Read/Write R RIW
System Data from external Data from external port (Output
Reset State port latch register is set to “1”)
Port 9 control register
7 6 5 4 3 2 1 0
PO9CR bit Symbol P92C P91C P90C
(0026H) | Read/Write W
System
Reset State 0 0 0
Function Refer to following table
Port 9 function register
7 6 5 4 3 2 1 0
PIOFC bit Symbol P96F P92F P90F
(0027H) | Read/Write W W W
System
Reset State 0 0 0
Eunction 0: Input Refer to Refer to
port following following
1:INT4 table table
Port 9 Function registers 2
7 6 5 4 3 2 1 0
POFC2 bit Symbol — P95F2 P94F2 P93F2 — P90F2
(0025H) | Read/Write w w W w w w
System
Reset State 0 0 0 0 0 0
Function Always P92 SI00 P90 Always 0:CMOS
write “0” SCLK RXD TXD write “0” 1:
selection |selection [selection .
0: SCLKO |0:P91  |0: TXDO Open-drain
1: SLCK1 |1: PP4 1: TXD1
SI00
SCLK,
CTS input
selection
0: P92
1. PP5
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Port 9 drive register
7 6 5 4 3 2 1 0
PI9DR bit Symbol P97D P96D P92D P91D P90D
(0089H) | Read/Write R/W R/W
System
Reset State 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
P92 setting P91 setting P90 setting
<P92C> <P91C> <P90C>
<P92F> 0 ! 0 1 <P90F> 0 L
Input port, 0 Input port | Output port
CTS0.CTS1 Input port/ Output port Don't TXDO,TXD1
0 Output port putp putp )
/?CLI?O,SCLKl RXDO,RXD1 ! setting Output
npu
Input
\ . SCLKO0,SCLK1
1 Don't setting Output

Note 1: A read-modify-write operation cannot be performed for POCR, P9FC and P9FC2.

Note 2: When setting P96 pin to INT4 input, set PODR<P96D> to “0” (prohibit input), and when driving P96 pin to “0”,
execute HALT instruction. This setting generates INT4 inside. If don't using external interrupt in HALT
condition, set like an interrupt don’t generated. (e.g. change port setting)

Figure 3.7.17 Register for Port 9
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3.7.8  PortA (PAO to PA7)

Ports A0 to A7 are 8-bit general-purpose input ports with pull-up resistor. In addition to
functioning as general-purpose I/O ports, ports A0 to A7 can also, as a Keyboard interface,
operate a Key-on wake-up function. The various functions can each be enabled by writing a
“1” to the corresponding bit of the Port A Function Register (PAFC).

Resetting resets all bits of the register PAFC to “0” and sets all pins to be input port.

INTKEY PAO~PA7

T_Rising edge 8 input OR
-ditection

Reset

KEY-ON
ENABLE
(on bit basis)

Pull-up resistor
T l TYP 50KQ
PAFC write

PAO to PA7
(KIO to KI7)
PN

PA read

Internal data bus

Figure 3.7.18 PortA

When PAFC = “1”, if the input of any of KIO-KI7 pins falls down, an INTKEY interrupt is
generated. An INTKEY interrupt can be used to release all HALT modes.
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Port A register
7 6 5 4 3 2 1 0
PA bit Symbol PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
(0028H) Read/Write R
System
Reset State Data from external port
Port A Function register
7 6 5 4 3 2 1 0
PAFC bit Symbol PATF PAGF PASF PA4F PA3F PA2F PAL1F PAOF
(002BH) Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Eunction 0: KEY IN disable 1: KEY IN enable
Port A Drive register
7 6 5 4 3 2 1 0
PADR bit Symbol PA7D PA6D PA5D PA4D PA3D PA2D PA1D PAOD
(008AH) Read/Write R/W
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for PAFC.
Figure 3.7.19 Register for Port A
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3.7.9

Port C (PCO to PC7)

PCO to PC7 are 8-bit general-purpose I/O port. Each bit can be set individually for input
or output. Resetting sets Port C to an input port. It also sets all bits of the output latch
register to “1”.

In addition to functioning as a general-purpose I/O port, Port C can also function as an
input pin for timers (TAOIN, TA2IN), input pin for external interruption (INTO to INT3),
Extension address function (EA26, EA27, EA28) , output pin for SPI controller (SPDI,
SPDO and SPCLK) and output pin for Key (KOS8). These settings are mode using the
function register PCFC. The edge select for external interruption is determined by the
IIMC register in the interruption controller.

(1) PCO (INTO0), PC2 (INT2)

Reset

Direction control

|

PCCR write
‘ 1

Function control

PCFC write
S
Output latch

|

PCwrite Ny
S
1 B

Selector

Internal data bus

. . PCO (INTO)
= PC2(INT2)

\

PC read A

Level/edge selection
INTO (_Ch and

INT2 Rising/Falling selection

IIMC<IOLE, I0OEDGE>
<I2LE, I2EDGE>

Figure 3.7.20 Port CO, C2
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(2) PC1 (INT1, TAOIN), PC3 (INTS3, TA2IN)

Reset
N\

Direction control

f

PCCR write
l)—l

Function control _

PCFCwrite

]

S
Output latch 4

Internal data bus
N

e—[] PCL(INTLTAOIN)
PC3 (INT3, TA2IN)

\

PCwrite N\
S
A B

Selector

PC read A

Level/edge selection
INT1 (_CE and

INT3 Rising/Falling selection

IIMC<I1LE, I1EDGE>

<I3LE, I3EDGE>
TAOIN 1
TA2IN ~

Figure 3.7.21 Port C1,C3
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(3) PC4 (EA26, SPDI)

Reset
[ N\—
1 1
Direction
control
(on bit basis)
) PCCR write
Function
control
(on bit basis)
" PCFC write
2 —
£ s A S
= Output latch Selector PC4 (EA26, SPDI)
E 7 EA26 —|B
£ PC write
58 %
e Selector
™
PC read A
=
SPDI input «—— Selector
S A j«——— (from PRO)
I~ 1 SPDI
PCFC2<PC4F2>
Figure 3.7.22 Port C4
(4) PC5 (EA27), PC6 (EA28)
Reset
N
‘ 1
Direction
control
(on bit basis)
] PCCR write
Function
control
) (on bit basis)
=}
2 T
% PCFC write
©
= 3
c S
ol S AB
1S Output latch Selector PC5(EA27, SPDO)
EA27 —|
T EA28 PC6(EA28, SPCLK)
PCwite  sppo—1P
SPCLK
S B
ﬂ Selector
PC read A
™~

Figure 3.7.23 Port C5, C6
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(5) PCT7(KOS)
Reset
N\
‘ l
Direction
control
T .
PCCR write
<
1
Function
control
PCFC write
g 3
s s I\
@ Output latch _ PC7(KO8)
© K Open-drain ehable
g PC write
£
SB
1 Selector
PC read A
A
Figure 3.7.24 Port C7
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Port C register
7 6 5 4 3 2 1 0
PC bit Symbol pPC7 PC6 PC5 PC4 PC3 pC2 PC1 PCO
(0030H) | Read/Write RIW
System : : wqn
Reset State Data from external port (Output latch register is set to “1”)
Port C control register
7 6 5 4 3 2 1 0
PCCR bit Symbol PC7C PC6C PC5C PC4c PC3C PC2C PCiC PCOC
(0032H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Input 1: Output
Port C function register
7 6 5 4 3 2 1 0
PCFC  |bit Symbol PC7F PC6F PC5F PC4F PC3F PC2F PC1F PCOF
(0033H) | Read/Write wW
System
Reset State 0 0 0 0 0 0 0 0
Function Refer to following table
Port C function register 2
7 6 5 4 3 2 1 0
PCFC2 | bit Symbol PC4F2
(0031H) |Read/Write W
System
Reset State 0
Function SPDI pin
selection
0: PRO
1: PC4
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Port C drive register
7 6 5 4 3 2 1 0
PCDR bit Symbol PC7D PC6D PC5D PC4D PC3D PC2D PC1D PCOD
(008CH) | read/write R/W
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
PC2 setting PC1 setting PCO setting
<pPC2C> Cc1C> <PCOC>
<PC2F> 0 ! <PC1F> 0 ! <PCOF> 0 !
0 Input port | Output port 0 Input port | Output port 0 Input port | Output port
1 INT2 Don't setting 1 INT1 TAOIN input 1 INTO Don't setting
PC5 setting PC4 setting PC3 setting
C5C> pcac> C3C>
<PC5F> 0 ! <PC4F> 0 ! <PC3F> 0 !
0 Input port | Output port 0 Input port | Output port 0 Input port | Output port
1 EA27 | sppo output 1 EAZ6 SPDI input 1 INT3 TAZ2IN input
output output
PC7 setting PC6 setting
C7C> C6C>
<PC7F> 0 ! <PC6F> 0 !
0 Input port [ Output port 0 Input port | Output port
Don't KO8output EA28 SPCLK
1 . . 1
setting (Open-drain) output output

Note 1: A read-modify-write operation cannot be performed for the registers PCCR, PCFC.

Note 2: When setting PC3-PCO0 pins to INT3-INTO input, set PCDR<PC3D: PCOD> to “0000"(prohibit input), and
when driving PC3-PCO pins to “0”, execute HALT instruction. This setting generates INT3-INTO inside. If don't

use external interrupt in HALT condition, set like an interrupt don’t generated. (e.g. change port setting)

Figure 3.7.25 Register for Port C
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3.7.10 Port F (PFO to PF2, PF7)

Ports FO to F2 are 3-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets PF0 to PF2 to be input ports. It also sets all bits of the
output latch register to “1”. In addition to functioning as general-purpose I/O port pins,
PFO to PF2 can also function as the output for 1250. A pin can be enabled for I/O by writing
a “1” to the corresponding bit of the Port F Function Register (PFFC).

Port F7 is a 1-bit general-purpose output port. In addition to functioning as
general-purpose output port, PF7 can also function as the SDCLK output. Resetting sets
PF7 to be an SDCLK output port.

(1) Port FO (I2S0CKO), Port F1 (12S0DO), Port F2 (1I2S0WS)

Ports FO to F2 are general-purpose I/O port. They also function as either 12S. Each
pin is detailed below.

I°’Smode
(I2S0Module)

12S0CKO
PFO
(Clock output)
12S0DO
PF1
(Data output)
12S0WS
PF2

(Word-select output)
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Reset

Direction

control
(on bit basis)
D

PFCR write

"—l‘

Function

Internal data bus

control
(on bit basis)

PFFC write

3

S

Output latch

A

T
PF write B
12SOCKO output —’_—)

12S0DO output
12S0WS output

S

Selector

|

W
PF read

Figure 3.7.26 Port FO, F1, F2

(2) Port F7 (SDCLK)

Port

F7 1is

S

B

Selector

A

%

general-purpose output port.

(]

PFO (12S0CKO)
PF1 (12S0DO)
PF2 (12S0WS)

In addition to functioning as

general-purpose output port, PF7 can also function as the SDCLK output.

Reset

l)—l/

Function

control
(on bit basis)

PFFC write

—

Internal data bus

S
Output latch

A

PF write

d

SDCLK—>(B

S

Selector

‘rl

PF read

Figure 3.7.27 Port F7

[ ]PF7(SDCLK)
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Port F register
7 5 4 3 2 1 0
PF bit Symbol PF7 PF2 PF1 PFO
(003CH) |Read/Write RIW
System 1 Data from external port (Output latch
Reset State register is set to “17)
Port F control register
7 5 4 3 2 1 0
PFCR bit Symbol PF2C PF1C PFOC
(003EH) |Read/write W
System
Reset State 0 0 0
Function Refer to following table
Port F function register
7 5 4 3 2 1 0
PFFC bit Symbol PF7F PF2F PF1F PFOF
(003FH) | Read/Write w w
System
Reset State 1 0 0 0
Function 0: Port .
Refer to following table
1: SDCLK
Port F drive register
7 5 4 3 2 1 0
PFDR bit Symbol PF7D PF2D PF1D PFOD
(O08FH) Read/Write R/IW R/W
System
Reset State 1 1 1
Function Input/Output buffer drive register for standby mode
PF2 setting PF1 setting PFO setting
F2C> <PF1C> FOC>
<PF2F> 0 ! <PF1F> 0 ! <PFOFS 0 !
0 Input port | Output port 0 Input port [ Output port 0 Input port | Output port
1 12SOWS output 1 12S0DO output 1 12SOCKOoutput
Note: A read-modify-write operation cannot be performed for the registers PFCR, PFFC.
Figure 3.7.28 Register for Port F
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3.7.11 Port G (PGO to PG5)

PGO to PG5 are 6-bit input ports and can also be used as the analog input pins for the
internal AD converter. PG3 can also be used as the ADTRG pin for the AD converter.

PG2 and PG3 can also be used as the MX and MY pins for a Touch screen interface.

(PG) register is prohibited to access by byte. All the instruction (Arithmetic/Logical/

Bit operation and rotate/shift instruction) accesses by byte are prohibited. Word access is

always needed.

Internal data bus

Port G read
Conversllon AD Channel
Result 1 Converter [ Selector
Register
AD read

ADTRG
(for PG3 only)

]

Switch for TSI
Typ.10Q

Figure 3.7.29 Port G

"] PGO(ANO),
PG1(AN1),
PG2(AN2,MX),

PG3(AN3,MY, ADTRG)

PG4(AN4)
PG5(ANS5)

TSICRO
<MXEN, MYEN>

TSICRO<TSI7>
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Port G register
5 4 3 2 1 0
PG Bit Symbol PG5 PG4 PG3 PG2 PG1 PGO
(0040H) | Read/Write R
System
Reset State Data from external port
Hot Reset
State -
Note: The input channel selection of the AD converter and the permission of for ADTRG input are set by AD
converter mode register ADMOD1.
Port G Function register
5 4 3 2 1 0
PGFC Bit Symbol PG3F
(0043H) | Read/Write W
System
Reset State 0
Hot Reset
State B
Function 0: Input port
or AN3
1 ADTRG
Port G driver register
5 4 3 2 1 0
PGDR Bit Symbol PG3D PG2D
(0090H) | Read/Write RIW
System
Reset State 1 1
Hot Reset
State B -
Function Input/Output buffer
drive register for
standby mode
Note : A read-modify-write operation cannot be performed for the registers PGFC.
Figure 3.7.30 Register for Port G
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3.7.12 PortJ (PJO to PJ7)

PJO to PJ4 and PJ7 are 6-bit output port. Resetting sets the output latch PJ to “1”, and
they output “1”. PJ5 to PJ6 are 2-bit input/output port. In addition to functioning as a port,
Port J also functions as output pins for SDRAM (SDRAS, SDCAS, SDWE, SDLLDQM,
SDLUDQM, and SDCKE), SRAM (SRWR , SRLLB , SRLUB , SRULB and SRUUB) and
NAND-Flash(NDALE and NDCLE).

The above settings are made using the function register PJFC.

However, either SDRAM or SRAM output signal for PJO to PJ2 are selected
automatically according to the setting of the memory controller.

Reset
N\
. l
Function
control
(on bit basis)
(2]
a PJFC write
I
I .
> | —[>—|:| PJO (SDRAS, SRLLB)
g 1 Selector PJ1 (SDCAS. SRLUB)
g PJ2 (SDWE, SRWR)
= Output latch PJ3 (SDLLDQM)
PJ4 (SDLUDQM)
T PJ 7(SDCKE)
PJ write
\/‘IJ SRLLB. SRLUB :SRWR
~N PJread SDRAS, SDCAS  SDWE, SDLLDQM, SDLUDQM, SDCKE

Figure 3.7.31 Port JO to J4 and J7
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Reset
N\ _i
Direction
control

0
PJCR write
‘ 1
Function
control

PJ Fg write
T

S
Output latch

A S
Selector

T B D PJ5 (NDALE, SRULB)
PJ write c PJ6 (NDCLE, SRUUB )
NDALE, NDCLE output r
SRULB ; SRUUB output li ‘7

S B

d Selector
N

PJ read A

Internal data bus

\

Figure 3.7.32 Port J5,J6
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Port J register
7 6 5 4 3 2 1 0
PJ bit Symbol PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
(004CH) | Read/Write RIW
System Data from external port
Reset State . .
1 (QOutput latch register is 1 1 1 1 1
setto “1")
Port J control register
7 6 5 4 3 2 1 0
PJCR bit Symbol PJ6C PJ5C
(004EH) | Read/Write W
System
Reset State 0 0
Function 0: Input, 1: Output
Port J function register
7 6 5 4 3 2 1 0
pJFC | bit Symbol PJ7F PJ6F PJSF PJAF PJ3F PJ2F PJ1F PJOF
(004FH) Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Port Refer to following table |0: Port 0: Port 0: Port 0: Port 0: Port
1: SDCKE 1'sDLUDQM | 1:SDLLDQM | 1:55we | 1: Spcas, |1 SDRAS,
SRWR SRLUB SRLLB
Port J drive register
7 6 5 4 3 2 1 0
PJDR bit Symbol PJ7D PJ6D PJ5D PJAD PJ3D PJ2D PJ1D PJOD
(0093H) | Read/Write R/W
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
PJ6 setting PJ5 setting
<PJ6C> <PJ5C>
0 1 0 1
<PJ6F> <PJ5F>
0 Input port Output port Input port Output port
1 SRUUB output | NDCLE output SRULB output | NDALE output
Note: A read-modify-write operation cannot be performed for the registers PJCR and PJFC.
Figure 3.7.33 Register for Port J
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3.7.13  Port K (PKO to PK7)

PKO to PK7 are 8-bit output ports. Resetting sets the output latch PK to “0”, and PKO to
PK7 pins output “0”.

M\
Reset
[2]
>
o)
S
©
©
g Output latch ’ ’l> D PKO~PK7
= i Output buffer
PK write
29 PK read

Figure 3.7.34 Port KO to K7
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Port K register
7 6 5 4 3 2 1 0
PK bit Symbol PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
(0050H) | Read/Write RIW
System
Reset State 0 0 0 0 0 0 0 0
Port K drive register
7 6 5 4 3 2 1 0
PKDR bit Symbol PK7D PK6D PK5D PK4D PK3D PK2D PK1D PKOD
(0094H) | Read/Write R/W
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode

Figure 3.7.35 Register for Port K
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3.7.14 PortL (PLO to PL7)

PLO to PL7 are 8-bit output ports. Resetting sets the output latch PL to “0”, and PLO to
PL7 pins output “0”. In addition to functioning as a general-purpose output port, port L can
also function as a data bus for 32-bit memory connection (D16 to D23). Above setting is
used the function register PLFC.

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 1

to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don't use this setting
0 1 Input port (PLO ~ PL7)
1 0 Data bus (D16 ~ D23)
1 1 Don't use this setting

PLCR register

PLFC2 register

D

External write enable

PLFC register

PL register 0 S é
Selector 0
Selector
1

D16 to D23

Port read data D —

|

S

Selector

1

._|:| PLO to PL7

D16 to D23

0

D16 to D23

External read enable

—po—7

Figure 3.7.36 Port LOto L7
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Port L register
7 6 5 4 3 2 1 0
PL bit Symbol PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
(0054H) | Read/Write RIW
System
Reset State 0 0 0 0 0 0 0 0
Port L control register
7 6 5 4 3 2 1 0
PLCR bit Symbol PL7C PL6C PL5C PL4C PL3C PL2C PL1C PLOC
(0056H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Input  1: Output
Port L function register
7 6 5 4 3 2 1 0
PLFC bit Symbol PL7F PL6F PL5F PLAF PL3F PL2F PL1F PLOF
(0057H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Port 1: Don't setting
Port L function register 2
7 6 5 4 3 2 1 0
PLFC2 |bit Symbol PLOF2
(0055H) | Read/Write wW
System
Reset State 01
Function 0: Port
1: Data bus
(D16~D23)
Port L drive register
7 6 5 4 3 2 1 0
PLDR bit Symbol PL7D PL6D PL5D PL4AD PL3D PL2D PL1D PLOD
(0095H) | Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note: A read-modify-write operation cannot be performed for the registers PLCR, PLFC and PLFC2.
<PLOF2>=0 <PLOF2>=1
<PLnC>
0 1 0 1
<PLnF>
0 Input port | Output port Data Bus
1 Don't setting
Figure 3.7.37 Register for Port L
92CF30-127 2009-06-12



TOSHIBA

TMP92CF30

3.7.15

Port M (PM1, PM2, PM7)

PM1, PM2 and PM7 are 3-bit output ports. Resetting sets the output latch PM to “17,
and PM1, PM2 and PM7 pins output “1”.
In addition to functioning as an output ports, port M also functions as output pin for the
timers (TA10UT), output pins for the RTC alarm (ALARM ), and as the output pin for the
melody/alarm generator (MLDALM, MLDALM). The above settings are made using the

function register PMFC.

PM1 has two output function which MLDALM and TA10UT, and PM2 has two output

functions ALARM and MLDALM . These are selected using PM<PM1>, PM<PM2>.

Selector

Figure 3.7.38 Port M1

M\
Reset ——
Function control
PMFC write
1
2]
=] S S
< Output latch A
g i
g PM write B
Q
= 1 A
= RN
PM read
TAIOUT—A S
Selector
MLDALM—>B
A

PM1
(MLDALM,
TALOUT)
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Internal data bus

Reset —o—¢

Function control

(on bit basis)

PMFC write

1

Ou

S
tput latch

A

T

PM write

B

S

Selector

PM2

Internal data bus

jd
PM read

I

MLDALM — A S

ALARM —>B

Selector

Figure 3.7.39 Port M2

Reset _‘—»I(

(on bit

Function
control

basis)

PMFC write

-1

S

Output latch

T

PM write

PM read

Figure 3.7.40 Port M7

A

S

Selector

\Y4

(ALARM ,
MLDALM )

%
-
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Port M register
7 5 4 3 2 1 0
PM bit Symbol PM7 PM2 PM1
(0058H) | Read/Write RIW RIW
System
Reset State 1 1 1
Port M function register
7 5 4 3 2 1 0
PMFC | bit Symbol PM7F PM2F PM1F
(005BH) | Read/Write w W
System
Reset State 0 0 0
Function 0: Port 0: Port 0: Port
1: Don't 1:ALARM gt |1: MLDALM
i <PM2>=1, | at
setting MLDALM <PM1>=1,
at TALOUT
<PM2>=0 at
<PM1>=0
Port M drive register
7 5 4 3 2 1 0
PMDR bit Symbol PM7D PM2D PM1D
(0096H) | Read/Write RIW RIW
System
Reset State 1 1 1
Function Input Input/Output buffer
/Output drive register for
buffer standby mode
drive
register for
standby
mode
Note: A read-modify-write operation cannot be performed for the registers PMFC.
Figure 3.7.41 Register for Port M
92CF30-130 2009-06-12



TOSHIBA TMP92CF30

3.7.16 Port N (PNO to PN7)

PNO to PN7 are 8-bit general-purpose I/0O port. Each bit can be set individually for input
or output. Resetting sets Port N to an input port.

In addition to functioning as a general-purpose I/O port, Port N can also function as
key-board interface pin (KOO to KO7) which can be set to open-drain output buffer.

Reset

‘ I
Direction
control

(on bit basis)

PNCR write

1
Function
control

(on bit basis)

T

PNFC write

—

S N
Output latch

Internal data bus

[ ] PNO(KOO) to PN7(KO7)

Open-drain
enable

S B \V4

A Selector

1\ .
PN write

PC read A

Figure 3.7.42 Port N
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Port N register
7 6 5 4 3 2 1 0
PN bit Symbol PN7 PN6 PN5 PN4 PN3 PN2 PN1 PNO
(005CH) | Read/Write RIW
System : : wqn
Reset State Data from external port (Output latch register is set to “1”)
Port N control register
7 6 5 4 3 2 1 0
PNCR bit Symbol PN7C PN6C PN5C PN4C PN3C PN2C PN1C PNOC
(005EH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Input 1: Output
Port N function register
7 6 5 4 3 2 1 0
PNFC bit Symbol PN7F PN6F PN5F PN4F PN3F PN2F PN1F PNOF
(005FH) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Function 0: CMOS output 1: Open-drain output
Port N drive register
7 6 5 4 3 2 1 0
PNDR bit Symbol PN7D PN6D PN5D PN4D PN3D PN2D PN1D PNOD
(0097H) | Read/Write R/IW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode
Note : A read-modify-write operation cannot be performed for the registers PNCR and PNFC.
Figure 3.7.43 Register for Port N
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3.7.17 Port P (PP3 to PP7)

Ports P3 to P5 are 3-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port P3 to P5 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, P3 to P5 can also function as an
output pin for timer (TA70UT), as an input pin for timers (TBOINO, TB1INO), and as an
input pin for external interruption (INT5 to INT7), serial transfer SIO0 (TXDO0, RXDO,
SCLKO, CTS0), SIO1 (TXD1, RXD1, SCLK1, CTSL).

Port P6 is 1-bit output port. Resetting sets output latch to “0”.

In addition to functioning as an output port, PP6 and PP7 can also function as an output
pin for timer (TBOOUTO).

Setting in the corresponding bits of PPCR and PPFC enables the respective functions.

The edge select for external interruption is determined by the IIMC register in the
interruption controller.

In port setting, if 16 bit timer input is selected and capture control is executed, INT6 and
INT7 don’t depend on IIMC1 register setting. INT6 and INT7 operate by setting
TBnMOD<TBnCPM1:0>.

Reset

Direction control
(on bit basis) 4>_
<PP1F2>

0
PPCR write
' 1
Function
control
(on bit basis)

L <PP1F2>
PPFC write <PPAF2>

L |
R S A S Open-drain possible
A PPFC2<PPOF2>
Output latch S

Selector Selector
T TXD1->A B PP3 (INT5,TA70OUT,
PP write B Selector [

TXDO, TXD1)
TA7OUT TXDO—~B

Internal data bus

B
Selector

1
N
- PP read

Level/edge selection

INT5 (__CE and
Rising/Falling selection

<PP1F2> IIMC<ISLE, ISEDGE>

Figure 3.7.44 Port P3
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A~ Reset

Direction control
(on bit basis)

A
PPCR write

Function control
(on bit basis)

A
PPFC write

.

R
Output latch

Internal data bus

1 PP4(INT6,TBOINO, RXDO, RXD1)

\

0 2
PP write S 5 =~
e Selector
A

™~ PP read

b Rising/Falling selection

| f

(from TMRBO) INT6 IIMCO<IGEDGE>

TBOINO <—Cb <PP2F2>

(to P91)
PP4RXDO

INT6

A G: <PP2F2>

RXD1 input «——— SelgctorB PO1RXD1
(from P91)

<PP5F2 >

Figure 3.7.45 Port P4
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N~ Reset
Direction control
(on bit basis) <PP3F2>
)

PPCR write
" 1
a Function control
g (on bit basis) 1
=]
= % <PP3F2>
o
g PPFC write <PP6F2>
- 1

A S
R i SCLK1 S S
Output latch 1A Selector > 1 PP5 (INT7, TB1INO, SCLKO
Selector| |g SCLK1,CTSO0, CTS1)
SCLKO —|B
PP write
S Y
: V4
ﬁ Selector
I~ Al
IINT7 Rising/Falling selection
(from TMRB1) INT7 IMC<I7EDGE>
<PP3F2>
TB1INO (_CF—

(to P92)
PP5SCLKIO

A G: <PP3F2>

SCLK1 input «—

. Selector
CTS1 input S B P92SCLKI1
(from P92)

<PP6F2>

Figure 3.7.46 Port P5
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Reset

—

Function
control

Internal data bus

(on bit basis)

)
PPFC write

1

R

Output latch

T
PP write

A S

Selector

Dppe (TBOOUTO)

B

TBOOUTO output _’_—)

Figure 3.7.47 Port P6
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Port P register
6 5 4 3 0
PP bit Symbol PP6 PP5 PP4 PP3
(0060H) Read/Write RIW
System 0 Data from external port (Output latch
Reset State register is cleared to “0”)
Port P control register
6 5 4 3 0
PPCR bit Symbol PP5C PPAC PP3C
(0062H) Read/Write W
System
Reset State 0 0 0
Function 0: Input 1: Output
Port P function register
6 5 4 3 0
PPFC bit Symbol PP6F PP5F PP4F PP3F
(0063H) Read/Write W
System
Reset State 0 0 0 0
Function 0:Port Refer to following table
1:TBOOUTO
Port P drive register
6 5 4 3 0
PPDR bit Symbol PP6D PP5D PP4D PP3D
(0098H) Read/Write R/W
System
Reset State 1 1 1 1
Function Input/Output buffer drive register for standby
mode
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Port P Function register 2
7 6 5 4 3 2 1 0
PPFC2 bit Symbol PP6F2 PP5F2 PP4F2 PP3F2 PP2F2 PP1F2 PPOF2
(0061H) | Read/Write w
System
Reset State 0 0 0 0 0 0 0
Function PP5 SI01 PP3 PP5 PP4 PP3 PP3
SCLK RXD selection [selection |selection [selection |selection
output selection |0: TXD1 0: Others | 0: Others |0: Others [0: CMOS
0: SCLK1 |0: PP4 1: TXDO 1: SCLK, [1:RXD 1: TXD 1: Open
1: SCLKO [1:P91 CTSin input output -drain
put or
SIo1 SCLK
SCLK, output
CTS input
0: PP5
1: P92
PP3 setting (<PP1F2>=0) PP4 setting (<PP2F2>=0) PP5 setting (<PP3F2>=0)
P3C> P4C> P5C>
<PP3F> 0 ! <PP4F> 0 . <PP5F> 0 !
0 Input port | Output port 0 Input port | Output port 0 Input port | Output port
1 INT5 input | TA70UT 1 INT5 input TBOINO INT7 input | TB1INO
output input L input

Notel: When setting <PP3F2, PP2F2, PP1F2> = "1", PP3~PP5 pins are set to SIO0 or SIO1 functions regardless
PPCR, PPFC setting. PP3 is set to TXD, PP4 is set to RXD. PP5 is set to SCLK input or CTS input when

<PP5C>=0. PP5 is set to SCLK output when <PP5C>=1.

Note2: A read-modify-write operation cannot be performed for the registers PPCR, PPFC.
Note3: When setting PP5, PP4, PP3 pins to INT7,INT6,INT5 input, set PPDR<PP5D:3D> to “0000” (prohibit input),
and when driving PP5,PP4,PP3 pins to “0”, execute HALT instruction. This setting generates INT7, INT6, and

INT5 inside. If don't using external interrupt in HALT condition, set like an interrupt don't generated.

Figure 3.7.48 Register for Port P
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3.7.18 Port R (RO to R3)
Ports RO to R3 are 4-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port RO to R3 to input port and output latch to “0”.
In addition to functioning as general-purpose 1/0 port, PRO to PR3 can also function as
the SPI controller pin (SPCLK, SPCS, SPDO and SPDI).
Setting in the corresponding bits of PFCR and PFFC enables the respective functions.

Reset

) 1
Direction
control

(on bit basis)

PRCR write

Function
control
(on bit basis)

T

PRFC write

-
R |'>—o—|j PRO(SPDI)

Output latch

Internal data bus

PR write

S B :7

bl Selector

PR read A

(to Port C)<—<:’_
SPDI input

Figure 3.7.49 Port RO
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Internal data bus

Reset

1 1
Direction
control

(on bit basis)

PRCR write
<
1

Function

control
(on bit basis)

PRFC write

—

S
R A P> . DPRl(SPDO),

Output latch Selector

Iy B PR3 (SPCLK)
PR write

SPDO,

SPCS, S B §7

SPCLK
M Selector

PR read A

Figure 3.7.50 Port R1to R3

PR2 (SPCS ),
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Port R register
6 5 4 3 2 1 0
PR bit Symbol PR3 PR2 PR1 PRO
(0064H) | Read/Write RIW
System Data from external port
Reset State (Output latch register is cleared to “07)
Port R control register
6 5 4 3 2 1 0
PRCR bit Symbol PR3C PR2C PR1C PROC
(0066H) | Read/Write W
System
Reset State 0 0 0 0
Function 0: Input, 1: Output
Port R function register
6 5 4 3 2 1 0
PRFC bit Symbol PR3F PR2F PR1F PROF
(0067H) | Read/Write W
System
Reset State 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port
1: SPCLK 1: SPCS 1: SPDO 1: SPDI
Port R drive register
6 5 4 3 2 1 0
PRDR bit Symbol PR3D PR2D PR1D PROD
(0099H) | Read/Write RIW
System
Reset State 1 1 1 1
Function Input/Output buffer drive register
for standby mode
PR1 setting PRO setting
R1C> 0 1 ROC> 0 1
<PR1F> <PROF>
0 Input port | Output port 0 Input port | Output port
1 Reserved SPDO S i d
output 1 PDI input | Reserve
PR3setting PR2 setting
R3C> R2C>
<PR3F> 0 ! <PR2F> 0 !
0 Input port | Output port 0 Input port | Output port
SPCLK
1 Reserved SPCS
output 1 Reserved Output
Note: A read-modify-write operation cannot be performed for the registers PRCR, PRFC.
Figure 3.7.51 Register for Port R
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3.7.19 PortT (PTOto PT7)
Ports TO to T7 are 8-bit general-purpose 1I/0O ports. Each bit can be set individually for
input or output. Resetting sets ports TO to T'7 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PTO to PT7 can also function as
data bus for 32-bit memory connection (D24 to D31).

Above setting is used the control register PTCR and function register PTFC.

Setting the AM1 and AMO pins as shown below and resetting the device initialize port 1
to the following function pins:

AM1 AMO Function Setting after reset is released
0 0 Don'’t use this setting
0 1 Input port (PTO ~ PT7)
1 0 Data bus (D24 ~ D31)
1 1 Don't use this setting

PTCR register

D

PTFC2 register 4

PTFC register

External write enable

S
PT register 0 i
selector 0
selector ,_|:| PTO to PT7
1 D24 to D31
D24 to D31
S
Port read data <«<—— selector
0
D24 to D31 <]

External read enable 4[>J\J

Figure 3.7.52 Port TOto T7
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Port T register

7 6 5 4 3 2 1 0
PT bit Symbol PT7 PT6 PT5 PT4 PT3 PT2 PT1 PTO
(00AOH) | Read/Write RIW
System . : wry
Reset State Data from external port (Output latch register is cleared to “0”)
Port T control register
7 6 5 4 3 2 1 0
PTCR bit Symbol PT7C PT6C PT5C PT4C PT3C PT2C PT1C PTOC
(00A2H) | Read/Write W
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Input 1: Output
Port T function register
7 6 5 4 3 2 1 0
PTFC | bit Symbol PT7F PT6F PT5F PT4F PT3F PT2F PT1F PTOF
(00A3H) | Read/Write wW
System
Reset State 0 0 0 0 0 0 0 0
Function 0: Port 1: Don't setting
Port T function register 2
7 6 5 4 3 2 1 0
PTFC2 |bit Symbol PTOF2
(00A1H) | Read/Write
After
system reset 0/1
After
Hot reset B
Function 0:Port
1:Data bus
(D24 to D31)
Port T drive register
7 6 5 4 3 2 1 0
PTDR bit Symbol PT7D PT6D PT5D PT4D PT3D PT2D PT1D PTOD
(009BH) | Read/Write RIW
System
Reset State 1 1 1 1 1 1 1 1
Function Input/Output buffer drive register for standby mode

Note: A read-modify-write operation cannot be performed for the registers PTCR, PTFC and PTFC2.

<PTOF2>=0 <PTOF2>=1
<PTnC>
0 1 0 1
<PTnF>
0 Input port | Output port Data Bus
1 Don't setting

Figure 3.7.53 Register for Port T
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3.7.20 PortV (PV6, PV7)
Ports V6 and V7 are 2-bit general-purpose I/O ports. Each bit can be set individually for
input or output. Resetting sets port V6 and V7 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PV can also function as a input or
output pin for SBI (SDA, SCL).

Setting in the corresponding bits of PVCR and PVFC enables the respective functions.

Reset
™™ IP—\L
Direction
control
(on bit basis)
i)
PVCR write
' l
Function
” control
2 (on bit basis)
S
3 PVFC write
g R B S
i) Output latch PV6(SDA
£ Selector | D (SDA)
. . PV7(SCL)
T SDA,SCL output—| D Open-drain possitje
) : p PVFC2<PV6F2,PY7F2>
PV write
S B :7
A Selector
PV read A
N

SDA,SCL input

Figure 3.7.54 Port V6, V7
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Port V register
7 6 5 4 3 0
PV bit Symbol PV7 PV6
(00A8H) | Read/Write R/IW
System Data from external port
Reset State (Output latch register is
cleared to “0”)
Port V control register
7 6 5 4 3 0
PVCR ] bit Symbol PV7C PV6C
(00AAH) | Read/Write
System
Reset State 0 0
Function 0: Input 1: Output
Port V function register
7 6 5 4 3 0
PVFC bit Symbol PV7F PV6F
(00ABH) | Read/Write W
System
Reset State 0 0
Function Refer to following table
Port V function register 2
7 6 5 4 3 0
PVFC2 |bit Symbol PV7F2 PV6F2
(00A9H) | Read/Write W
System
Reset State 0 0
Function 0: CMOS 0: CMOS
1: Open 1: Open
-drain -drain
Port V drive register
7 6 5 4 3 0
PVDR | bit Symbol PV7D PV6D
(009DH) | Read/Write RIW
System
Reset State 1 1
Function Input/Output buffer
drive register for
standby mode
PV7 setting PV6 setting
<PV7C> 0 1 <PV6C> 0 1
<PV7F> <PV6F>
0 Input port | Output port 0 Input port | Output port
1 Reserved SCL I/O 1 Reserved SDA /O
Note: A read-modify-write operation cannot be performed for the registers PVCR, PVFC and PVFC2.
Figure 3.7.55 Register for Port V
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3.7.21 Port X (PX4, PX5)
Port X5 is 1-bit general-purpose 1/O ports. Each bit can be set individually for input or
output. Resetting sets ports X5 to input port and output latch to “0”.

In addition to functioning as general-purpose I/O port, PX5 can also function as the USB
clock input pin (X1USB) and dividing clock output of X1 and X2 oscillation clock (X1D4).

Setting in the corresponding bits of PXCR and PXFC enables the respective functions.
Port X4 is 1-bit general-purpose output port. Resetting sets output latch to “0”.

In addition to functioning as general-purpose output port, PX4 can also function as a
system clock output pin (CLKOUT).

Setting in the corresponding bits of PX and PXFC enables the respective functions.

Reset

Function
control
(on bit basis)

PXFC write
R

Output latch i

Internal data bus

A S
PX write Selector > [_] Pxa (cLkouT)
1 B

Y

PX read

CLKOUT output —>1 A S

Selector

Figure 3.7.56 Port X4
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Internal data bus

Reset

Direction

control
(on bit basis)

PXCR write

Function
control

(on bit basis)

T

PXFC write

Function
control 2

(on bit basis)

)

PXFC2 write

R

Output latch

A S

PX write

S

X1pin x1/8 —>|
X1 pin x1/4 —>|

X1 pin x1/2 —| Selector

X1 pin x1/1 —|

S

Selector

éB

1

Selector
B

X1D4 output

PX read

X1UsB input<——C

S
B

Selector
A

Figure 3.7.57 Port X5

>——9—{ Px5 (x1UsB, x1D4)
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Port X register
5 4 3 0
PX bit Symbol PX5 Note3) | PX4 Note2)
(O0BOH) | Read/Write R/W
System Data from external port
Reset State (Output latch register is
cleared to “0”)
Port X control register
5 4 3 0
PXCR ] bit Symbol PX5C
(00B2H) | Read/Write W
System
Reset State 0
Function 0: Input
1: Output
Port X function register
5 4 3 0
PXFC bit Symbol PX5F PX4F
(00B3H) | Read/Write W
System
Reset State 0 0
Function Referto |0: Port
following | 1: CLKOUT
table at <PX4>=0
Port X function register 2
5 4 3 0
PXFC2 |bit Symbol PX5F2 PX4F2
(00B1H) | Read/Write RIW
System
Reset State 0 0
Eunction X1D4 output
clock selection
00: X1 pin x1/8
01: X1 pin x1/4
10: X1 pin x1/2
11: X1 pin x1/1
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Port X drive register
7 6 5 4 3 2 1 0
PXDR bit Symbol PXD5 PXD4
(009FH) | Read/Write RIW
System
Reset State 1 1
Function Input/Output buffer

drive register
for standby mode

Note 1: A read-modify-write operation cannot be performed for the registers PXCR, PXFC and PXFC2.
Note 2: When PX4 is used as CLKOUT output pin, PX<PX4> must be set to “0". Refer to following PX4 setting table.
Note 3: When PX5 is used as X1D4 pin, PX<PX5> must be set to “1”. Refer to following PX5 setting table.

PX4 setting PX5 setting
<PX4> <PX5C>
0 0 1
<PX4F> <PX5F>
0 Output port 0 Input port Output port
1 CLKOUT output | Don't setting 1 X1USB input X1D4 output
at <PX5>=“1"

Figure 3.7.58

Register for Port X
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3.8 Memory Controller (MEMC)

3.8.1 Functional Overview

The TMP92CF30 has a memory controller with the following features to control four
programmable address spaces:
(1) Four programmable address spaces

The MEMC can specify a start address and a block size for each of the four memory
spaces (CS0 to CS3 spaces).

* SRAM or ROM: All CS spaces (CSO0 to CS3) can be assigned.
* SDRAM: Either the CS1 or CS2 space can be assigned.
* Page-ROM: Only the CS2 space can be assigned.

* NAND-Flash: It is not required to setup the CS lines. However, when using
NAND-Flash, set the BROMCR<CSDIS> bit to “1” to assign an
external area to avoid data conflicts with CS spaces.

(2) Memory specification

The MEMC can specify the type of memory, SRAM, ROM and SDRAM to associate with
the selected address spaces.

(3) Data bus width specification

The data bus width is selectable from 8, 16 and 32 bits for the respective chip select
spaces. Howerver, SDRAM and NANDF cannot use 32 bit data bus.

(4) Wait control
The number of wait states to be inserted into an external bus cycle is determined by the
wait state bits of the control register and the WAIT input pin. The number of wait states
of a read cycle and that of a write cycle can be specified individually. The number of wait
states can be selected from the following 15 options:

0 to 10 wait states, 12 wait states,
16 wait states, 20 wait states

4+N wait states (controlled by the WAIT pin)
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3.8.2  Control Registers and Memory Access Operations After Reset

This section describes the registers to control the memory controller, their reset states and
the necessary settings after reset.

(1) Control Registers

The control registers of the memory controller are listed below.

- Control registers: BnCSH/BnCSL(n = 0 to 3, EX)
Configures the basic settings of the memory controller, such as the memory type
specification and the number of wait states to be inserted into a read or write
cycle.
- Memory Start Address register: MSARn(n = 0 to 3)
Specifies a start address fora selected address space.
+ Memory Address Mask register: MAMR (n = 0 to 3)
Specifies a block size for a selected address space.
- Page ROM Control register: PMEMCR
Selects a method of accessing Page-ROM.
-Timing control registers: CSTMGCR, WRTMGCR, RDTMGCRn
Adjust the timing of rising and falling edges of control signals.
- On-chip Boot ROM Control register: BROMCR
Selects a method of accessing Boot-ROM.
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Table 3.8.1 Control Registers
7 6 5 4 3 2 1 0

BOCSL Bit Symbol BOWW3 BOWW2 BOWW1 BOWWO BOWR3 BOWR2 BOWR1 BOWRO
(0140H) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
BOCSH Bit Symbol BOE BOREC BOOM1 BOOMO BOBUS1 [ BOBUSO
(0141H) | Read/Write RIW RIW

Reset State 0 0 0 0 0 0
MAMRO | Bit Symbol MOV20 MOV19 MOV18 MOoV17 MOV16 MOV15 | MOV14-V9 MOV8
(0142H) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSARO | Bit Symbol M0S23 M0S22 M0S21 M0S20 M0S19 M0S18 M0S17 M0S16
(0143H) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B1CSL Bit Symbol B1WW3 B1WW2 B1WwW1 B1WWO B1WR3 B1WR2 B1WR1 B1WRO
(0144H) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
B1CSH Bit Symbol B1E B1REC B1OM1 B1OMO B1BUS1 | B1BUSO
(0145H) | Read/Write RIW RIW

Reset State 0 0 0 0 0 0
MAMR1 | Bit Symbol M1v21l M1V20 M1V19 M1V18 M1Vv17 M1V16 | M1V15-V9 M1v8
(0146H) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR1 | Bit Symbol M1S23 M1S22 M1S21 M1S20 M1S19 M1S18 M1S17 M1S16
(0147H) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B2CSL Bit Symbol B2WW3 B2WWwW2 B2Ww1 B2WWO0 B2WR3 B2WR2 B2WR1 B2WRO
(0148H) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
B2CSH Bit Symbol B2E B2M B2REC B20M1 B20OMO B2BUS1 B2BUSO
(0149H) | Read/Write RIW

Reset State 1 0 0 0 0 0 1
MAMR2 | Bit Symbol M2V22 M2v21 M2V20 M2V19 M2V18 M2Vv17 M2V16 M2V15
(014AH) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR2 | Bit Symbol M2S23 M2S22 M2S21 M2S20 M2S19 M2S18 M2S17 M2S16
(014BH) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
B3CSL Bit Symbol B3WW3 B3Ww2 B3ww1 B3WWO0 B3WR3 B3WR2 B3WR1 B3WRO
(014CH) | Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
B3CSH Bit Symbol B3E B3REC B30OM1 B30OMO B3BUS1 [ B3BUSO
(014DH) | Read/Write RIW RIW

Reset State 0 0 0 0 0 0
MAMR3 | Bit Symbol M3V22 M3v21 M3V20 M3V19 M3V18 M3V17 M3V16 M3V15
(014EH) | Read/Write R/W

Reset State 1 1 1 1 1 1 1 1
MSAR3 | Bit Symbol M3S23 M3S22 M3S21 M3S20 M3S19 M3S18 M3S17 M3S16
(014FH) | Read/Write RIW

Reset State 1 1 1 1 1 1 1 1
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Table 3.8.2 Control Registers
7 6 5 4 3 2 1 0

BEXCSL Bit Symbol BEXWW3 [ BEXWW2 | BEXWW1 | BEXWWO [ BEXWR3 | BEXWR2 | BEXWR1 | BEXWRO0
(0158H) Read/Write R/W

Reset State 0 0 1 0 0 0 1 0
BEXCSH Bit Symbol BEXREC | BEXOM1 | BEXOMO | BEXBUS1 [ BEXBUSO
(0159H) Read/Write RIW

Reset State 0 0 0 0 0
PMEMCR Bit Symbol OPGE OPWR1 OPWRO PR1 PRO
(0166H) Read/Write R/W R/W R/W

Reset State 0 0 0 1 0
CSTMGCR Bit Symbol TACSEL1 | TACSELO TAC1 TACO
(0168H) Read/Write RIW RIW

Reset State 0 0 0 0
WRTMGCR | Bit Symbol TCWSEL1 [ TCWSELO| TCWS1 TCWSO0 TCWH1 TCWHO
(0169H) Read/Write RIW RIW RIW

Reset State 0 0 0 0 0 0
RDTMGCRO |Bit Symbol B1TCRS1 | BITCRSO | BITCRH1 | BITCRHO | BOTCRS1 | BOTCRSO | BOTCRH1 | BOTCRHO
(016AH) Read/Write RIW RIW RIW RIW

Reset State 0 0 0 0 0 0 0 0
RDTMGCR1 |Bit Symbol B3TCRS1 | BATCRSO | BSTCRH1 | BATCRHO | B2TCRS1 | B2TCRSO | B2TCRH1 | B2TCRHO
(016BH) Read/Write R/W R/W R/W R/W

Reset State 0 0 0 0 0 0 0 0
BROMCR Bit Symbol CSDIS ROMLESS VACE
(016CH) Read/Write RIW

Reset State 1 1 0
RAMCR Bit Symbol —
(016DH) Read/Write RIW

Reset State Must be

written as
‘1.
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(2) Memory Access Operations After Reset

After reset, external memory is accessed using the initial data bus width that is
determined by the AM1 and AMO pins. The settings of the AM1 and AMO pins and their
corresponding operation modes are as follows:

AM1 AMO Start Mode
0 0 Don't use this setting
0 1 16-bit external bus starting (Note)
1 0 32-bit external bus starting (Note)
1 1 Don't use this setting

Note: The memory that is used for booting after reset must be either NOR-Flash or Masked-ROM. NAND-Flash and
SDRAM cannot be used.

The values of AM1 and AMO are effective only upon reset. The data bus width is
specified by the <BnBUS1:BnBUSO0> bits of the control registers at any other timing.

Upon reset, only the control registers (B2CSH and B2CSL) for the CS2 space
automatically becomes effective. (The B2CSH<B2E> bit is set to 1 upon reset.).Then, the
AM1 and AMO values that specify the data bus width are loaded into the data bus width
specification bits of the control register for the CS2 space.At the same time, the address
range ebtween 000000H and FFFFFFH is defined as the CS2 space. (The B2CSH<B2M>
is cleared to 0.)

Then, the address spaces are configured by MSARn and MAMRn. The BnCSH and
BnCSL registers are also set up. The BnCSH<BnE> must be set to 1 to enable these
settings.
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3.8.3 Basic Functions and Register Settings

This section describes some of the memory controller functions, such as setting the address
range for each address space, associating memory to the selected space and setting the number
of wait states to be inserted.

(1) Programming chip select spaces

The address ranges of CS0 to CS3 are specified by MSARO to MSAR3 and MAMRO to
MAMRS3.

(a) Memory Start Address registers
Figure 3.8.1 shows the Memory Start Address registers. The MSARO to MSAR3
specify the start addresses for the CSO to CS3 spaces. The bits S23 to S16 specify the
upper 8 bits (A23 to A16) of the start address. The lower 16 bits of the start address
(A15 to A0) are assumed to be 0. Accordingly, the start address can only be a multiple of
64 Kbytes, ranging from 000000H to FFOOOOH. Figure 3.8.2 shows the relationship
between the start addresses and the Memory Start Address register values.

Memory Start Address Registers (for CS0 to CS3 spaces)

7 6 5 4 3 2 1 0
MSARO /MSARl Bit Symbol S23 S22 S21 S20 S19 S18 S17 S16
(0143H) / (0147H) | Read/Write R/W
MSAR2 / MSAR3 | Reset State 1 1| 1 | 1| 1 | 1| 1| 1
(014BH) [ (014FH) | Function Determines A23 to A16 of the start address

T—> Specifies start addresses for CS0 to CS3 spaces
Figure 3.8.1 Memory Start Address Register

Start Address Value in the Memory Start Address register
(MSARO to MSARB3)

5§§3§§§ T earsye 000000H .....ooovirrrreenns 00H
010000H ....ccoverreernnne 01H
020000H ....cooverrreernnne 02H
030000H ..., 03H
040000H .....cooorveeennn. 04H
050000H .....cooorireeennn. 05H
060000H .....covorrrevrrnne 06H
to to
2210101010/ R FFH
FFFFFFH

Figure 3.8.2 Relationship Between Start Addresses and the Memory Start Address Register Values
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(b) Memory Address Mask Registers

Figure 3.8.3 shows the Memory Address Mask registers. MAMRO to MAMRS are
used to determine the sizes of the CSO to CS3 spaces by setting particular bits in
MAMRO to MAMRS3 to mask the corresponding start address bits. The address
compare logic uses only the address bits that are not masked (i.e., mask bit cleared to 0)
to detect an address match in the CSO to CS3 spaces. The upper bits are always
compared.

Also, the address bits that can be masked by MAMRO to MAMRS differ between CSO
to CS3 spaces as follows:

CSO space: A20 to A8

CS1 space: A21 to A8

CS2 and CS3 spaces: A22 to A15

Accordingly, the block size that can be assigned to each space is also different.

Note: After reset, only the control register for the CS2 space is effective. The control register for the CS2 space has
the B2M bit. If the B2M bit is cleared to 0, the address range between 000000H and FFFFFFH is defined as the
CS2 space. (The B2M bit is cleared to Oafter reset.) By setting the B2CSH<B2M> bit to 1, the start address

and the block size can be arbitrarily specified, as in the other spaces.

Memory Address Mask Register (for CS0 space

7 6 5 4 3 2 1 0
MAMRO Bit Symbol V20 V19 V18 V17 V16 V15 V14~9 V8
(0142H) | Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CSO0 block size 0: The address compare logic uses this address bit

The CSO0 block size can vary from 256 Bytes to 2 Mbytes

Memory Address Mask Register (for CS1 space

7 6 5 4 3 2 1 0
MAMR1 Bit Symbol V21 V20 V19 V18 V17 V16 V15~9 V8
(0146H) Read/Write R/W
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS1 block size 0: The address compare logic uses this address bit

The CS1 block size can vary from 256 Bytes to 4 Mbytes

Memory Address Mask Register (for CS2 and CS3 spaces)

7 6 5 4 3 2 1 0
MAMR2 [MSARS3 |Bit Symbol V22 V21 V20 V19 V18 V17 V16 V15
(014AH) | (014FH) | Read/Write RIW
Reset State 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
Function CS2 or CS3 block size 0: The address compare logic uses this address bit.

The CS2 and CS3 block sizes can vary from 32 Kbytes to 8 Mbytes

Figure 3.8.3 Memory Address Mask Registers
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(c) Setting the start addresses and address ranges

An example of specifying a 64-Kbyte address space starting from 010000H for the
CS0 space:

Set 01H in the MSARO0<S23:S16> bits that corresponds to the upper 8 bits of the
start address. Then, calculate the difference between the start address and the
anticipated end address (01FFFFH) based on the size of the CSO space. Bits 20 to 8 of
the calculation result correspond to the mask value to be set for the CS0O space. Setting
this value in the MAMRO<V20:V8> bits specifies the block size. This example sets 07TH
in MAMRO to allocate a 64-Kbyte address space for the CSO space.

[0]0)0)0j0j0j0j1)21)2y1)21)2}) 12121321123 1)21)2)1)1 Memory
end
I 0 | 1 | F | F | F | F |H  address
CSO0 area
Size
S23 S22 S21 520 S19 S18 S17 S16 (64
Memor Kbytes)
MSARO [0 |ofofofofofof1]ojojojojojojojojojojojojojojojoy Memoy
) | 0 | 1 | 0 | 0 | 0 | 0 | H address
V20 V19 V18 V17 V16 V15 V14 ~ V9 V8 L
MsSMRO:0:0:0:0 ofofofofaf1 1 12 12 1 1faf1 1 1 12 1 1 1 1} Memoryaddess
* -I- mask register
| 0 7 | H setting

——> Setting of 07H specifies a 64-Kbyte area.

(d) Programming block sizes

Table 3.8.3 shows the relationship between CS spaces and their block sizes. The “A”
symbol indicates the size that might not be programmable depending on the
combination of the values of the Memory Start Address and Memory Address Mask
registers. When specifying a block size indicated as “A”, set the start address register to
a multiple of the desired block size starting from 000000H.

If the 16-Mbyte range is defined as CS2 space, or if two or more spaces overlap, the
settings for the CS space with the smallest number overrides the settings for other
spaces because of its highest priority.

Example: Defining 128 Kbyte area as the CS0 space:

a. Valid start addresses

000000H ) 128 Kbytes

020000H ) The desired block size can be programmed with this
040000H 128 Kbytes configuration.

060000H

) 128 Kbytes

b. Invalid start addresses

000000H

010000H 64 Kbytes This start address is not a multiple of the desired block size.

030000H 128 Kbytes Hence, the desired block size cannot be programmed with this
configuration.

050000H ) 128 Kbytes
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Table 3.8.3 Valid Block Sizes for Each CS Space

(BSVI‘Z‘; 256 512 | 32K | 64K |128K 256 K|512K| 1M 2M 4 M 8M
CS space
CS0 O O (@] O A A A A A
Cs1 O O O A A A A A
CS2 (@) @] A A A A A
CS3 (@] O A A A A A

Note: The “A” symbol indicates the sizes that may not be programmable depending on the combination of the values

of the Memory Start Address and Memory Address Mask registers.

(e) Priorities of the address spaces

When the specified address space overlaps with the on-chip memory area, the
priority order of the address spaces are as follows:

On-chip I/O > On-chip memory > CS0 space > CS1 space > CS2 space > CS3 space

(f) Specifying the number of wait states and the bus width for the address locations
outside the CS0 to CS3 spaces

The BEXCSL and BEXCSH registers specify the data bus width and number of wait
states when an address outside the CS0 to CS3 spaces (CSEX space) is accessed. These

registers are always enabled for the CSEX space.
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(2) Memory specification

Setting the BnCSH<BnOM1:BnOMO> bits specifies the memory type that is associated
with each address spaces. The interface signal that corresponds to the specified memory
type is generated. The memory type is specified as follows:

BnCSH<BnOM1:0>

BnOM1 BnOMO Memory Type
0 0 SRAM/ROM (Default)
0 1 (Reserved)
1 0 (Reserved)
1 1 SDRAM

Note : SDRAM can be associated with the CS1 or CS2 space.

(3) Data bus width specification

The data bus width can be specified for each address space by the
BnCSH<BnBUS1:BnBUSO> bits as follows:

BnCSH<BnBUS1:BnBUSO>

<BnBUS1> | <BnBUSO> Bus Width
0 0 8-bit bus mode (Default)
0 1 16-bit bus mode
1 0 32-bit bus mode
1 1 Don't use this setting

Note: The data bus width for SDRAM should be defined as 16 bits by setting BhCSH<BnBUS1:BnBUSO0> to 01.

As described above, the TMP92CF30 supports dinamic bus sizing, which allows the
controller to transfer operands to or from the selected address spaces while automatically
determining the data bus width. On which part of the data bus the data is actually placed
is determined by the data size, bus width and start address. The table below provides a
detailed description of the actual bus operation.

Note: If two memories with different bus widths are assigned to consecutive addresses, do not execute an
instruction that accesses the addresses crossing the boundary between those memories. Otherwise, a

read/write operation might not be performed correctly.
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Operand Data Operand Start Memory Bus Width CPU Data
) ) CPU Address
Size (bit) Address (bit) D31 to D24|D23 to D16| D15 to D8 | D7 to DO
4n +0 8/16/32 4n+0 XXXXX XXXXX XXXXX b7 to b0
an+1 8 4n+1 XXXXX XXXXX XXXXX b7 to b0
16/32 4n+1 XXXXX XXXXX b7 to b0 XXXXX
8 an+ 2 8/16 4n + 2 XXXXX XXXXX XXXXX b7 to b0
32 4an + 2 XXXXX b7 to b0 XXXXX XXXXX
8 4n + 3 XXXXX XXXXX XXXXX b7 to b0
4n + 3 16 4n + 3 XXXXX XXXXX b7 to b0 XXXXX
32 4n + 3 b7 to b0 XXXXX XXXXX XXXXX
8 (1)4n+0 XXXXX XXXXX XXXXX b7 to b0
4n+0 (2)4n+1 XXXXX XXXXX XXXXX b15 to b8
16/32 4n+0 XXXXX XXXXX b15 to b8 b7 to b0
8 (1)4n+1 XXXXX XXXXX XXXXX b7 to b0
(2) 4n + 2 XXXXX XXXXX XXXXX b15 to b8
4n+1 16 (1)4n+1 XXXXX XXXXX b7 to b0 XXXXX
(2) 4n + 2 XXXXX XXXXX XXXXX b15 to b8
32 4n+1 XXXXX b15 to b8 b7 to b0 XXXXX
16 8 (1) 4n+2 XXXXX XXXXX XXXXX b7 to b0
an+ 2 (2)4n+1 XXXXX XXXXX XXXXX b15 to b8
16 4n + 2 XXXXX XXXXX b15 to b8 b7 to b0
32 4n + 2 b15 to b8 b7 to b0 XXXXX XXXXX
8 (1)4n+3 XXXXX XXXXX XXXXX b7 to b0
(2)4n+ 4 XXXXX XXXXX XXXXX b15 to b8
an+3 16 (1)4n+3 XXXXX XXXXX b7 to b0 XXXXX
(2)4n + 4 XXXXX XXXXX XXXXX b15 to b8
32 (1) 4n+3 b7 to b0 XXXXX XXXXX XXXXX
(2)4n+ 4 XXXXX XXXXX XXXXX b15 to b8
(1)4n+0 XXXXX XXXXX XXXXX b7 to b0
8 (2)4n+1 XXXXX XXXXX XXXXX b15 to b8
(3)4n+2 XXXXX XXXXX XXXXX b23 to b16
4n+0 (4) 4n + 3 XXXXX XXXXX XXXXX b31 to b24
16 1)4n+0 XXXXX XXXXX b15 to b8 b7 to b0
(2) 4n + 2 XXXXX XXXXX b31 to b24 | b23 to b16
32 4n+0 b31 to b24 | b23 to b16 | b15 to b8 b7 to b0
(1)4n+0 XXXXX XXXXX XXXXX b7 to b0
8 2)4n+1 XXXXX XXXXX XXXXX b15 to b8
(3)4n+2 XXXXX XXXXX XXXXX b23 to b16
(4) 4n + 3 XXXXX XXXXX XXXXX b31 to b24
4n+1 (1)4n+1 XXXXX XXXXX b7 to b0 XXXXX
16 (2) 4n + 2 XXXXX XXXXX b23 to b16 | b1l5 to b8
(3)4n+4 XXXXX XXXXX XXXXX b31 to b24
32 (1)4n+1 b23 to b16 | b15 to b8 b7 to b0 XXXXX
(2)4n+ 4 XXXXX XXXXX XXXXX b31 to b24
32 (1) 4n+2 XXXXX XXXXX XXXXX b7 to b0
s (2) 4n + 3 XXXXX XXXXX XXXXX b15 to b8
(3)4n+4 XXXXX XXXXX XXXXX b23 to b16
an+ 2 (4)4n+5 XXXXX XXXXX XXXXX b31 to b24
16 (1) 4n+2 XXXXX XXXXX b15 to b8 b7 to b0
(2)4n+4 XXXXX XXXXX b31 to b24 | b23 to b16
32 (1)4n+2 b15 to b8 b7 to b0 XXXXX XXXXX
(2)4n+4 XXXXX XXXXX b31 to b24 | b23 to b16
(1) 4n+3 XXXXX XXXXX XXXXX b7 to b0
8 (2)4n+4 XXXXX XXXXX XXXXX b15 to b8
(3)4n+5 XXXXX XXXXX XXXXX b23 to b16
(4)4n +6 XXXXX XXXXX XXXXX b31 to b24
4n + 3 (1)4n+3 XXXXX XXXXX b7 to b0 XXXXX
16 (2)4n+4 XXXXX XXXXX b23 to b16 | b15 to b8
(3)4n+6 XXXXX XXXXX XXXXX b31 to b24
32 (1)4n+3 b7 to b0 XXXXX XXXXX XXXXX
(2)4n+4 XXXXX b31 to b24 | b23 to b16 | b1l5 to b8

xxxxx: The input data placed on the data bus indicated by this symbol is ignored during a read operation. During a

write operation, the bus is in the high-impedance state, and the write strobe signal remains inactive.
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(4) Wait control

The external bus cycle completes in two states at minimum (25 ns at fsys = 80 MHz)

without inserting a wait state.

Setting up the BnCSL<BnWW3:BnWWO0> bits specifies the number of wait states to be
inserted in a write cycle, and setting the BnCSL<BnWR3:BnWRO0> bits specifies the
number of wait states to be inserted in a read cycle. The external bus cycle can be

programmed as follows;

BnCSL<BnWW>/<BnWR>

<BnWw3>
<BnWR3>

<BnWwz2>
<BnWR2>

<BnWw1>
<BnWR1>

<BnWwO0>
<BnWRO0>

Number of Wait States

o

o

2 states (0 wait state), fixed wait-state mode

3 states (1 wait state), fixed wait-state mode (Default)

4 states (2 wait states), fixed wait-state mode

5 states (3 wait states), fixed wait-state mode

6 states (4 wait states), fixed wait-state mode

7 states (5 wait states), fixed wait-state mode

8 states (6 wait states), fixed wait-state mode

9 states (7 wait states), fixed wait-state mode

10 states (8 wait states), fixed wait-state mode

11 states (9 wait states), fixed wait-state mode

12 states (10 wait states), fixed wait-state mode

14 states (12 wait states), fixed wait-state mode

18 states (16 wait states), fixed wait-state mode

Rk, |r|r|lololo]lo|r |~ |~ |o

olr |k |lolor |k |lolo |k |~ |o |+

22 states (20 wait states), fixed wait-state mode

ololr |k |,k |k |k |~ |~ |lo]lo|o|o |o

0

1

Rrlolr|lolr|lolr|lo|r|lo|~|o |~ |o |~

6 states + WAIT pin input mode

Other than the above

Reserved

Note 1: For SDRAM, the above settings are not effective.

Refer to Section 3.11, SDRAM controller.

Note 2: For NAND flash memory, the above settings are not effective.

(a) Fixed wait-state mode

The bus cycle is completed in the specified number of states. The number of states
can be selected from 2 (0 wait state) through 12 (10 wait states), 14 (12 wait states), 18
(16 wait states) and 22 (20 wait states).

(b) WAIT pin input mode

In this mode, the WAIT signal is sampled. A wait state is continued to be inserted

while the WAIT signal is sampled active. The minimum bus cycle in this mode is six

states. The bus cycle is completed if the WAIT signal is sampled High at the rising
edge of SDCLK in the sixth state. The bus cycle is extended as long as the WAIT signal
remains active after sixth state.
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(5) Recovery cycle (data hold time) control

For some memory, the data hold time after when the CE or OE signal is asserted in a
read cycle is defined by the AC specification. This may lead to data conflicts. Thus, to
avoid this problem, a single dummy cycle can be inserted immediately after an access
cycle for the CSm space by setting the BmCSH<BmREC> bit to 1.

This single dummy cycle is inserted when another CS space is accessed in the next bus

cycle.
BnCSH<BnREC>
0 No dummy cycle is inserted (Default).
1 Dummy cycle is inserted.

e When no dummy cycle is inserted (0 wait state)

soctk o/ / \/ \/

A23 to AD X X
csm /
Csn \ /
RD /1 /S

e  When a single dummy cycle is inserted (0 wait state)

«—Dummy—!
SDCLK _\_;/ \ i/ \ / \ / \
A23 to AD )( . X

CcSm /
csn \ /
= / \ —
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(6) Timing adjustment function for control signals

This function allows for the timing adjustment of the rising and falling edges of the
CSn, CSZx ,CSXx , R/W,RD , WRxx , SRWR and SRxxB signals based on the setup and hold

time requirements of memories.

As for the CSn, CSZx ,CSXx and R/W signals, and also for the WRxx, SRWR and SRxxB

signals (generated in a write cycle), their timing can be adjusted for only one CS space. As
for the RD and SRxxB signals (generated in a read cycle), their timing can be adjusted

individually for each of all CS spaces. As for the CS and EX spaces for which the timing

adjustment is not performed, the buses connected to them operate with basic bus timing.

(Refer to (7).)

This function can not be used while the BhnCSH<BnREC> bit is enabled.

The control signals of SDRAM can be adjusted by setting up the SDRAM controller.

CSTMGCR<TXXSEL1:TXXSELO>, WRTMGCR<TXXSEL1:TXxXxSELO>

00

Change the bus timing for CS0 space

01

Change the bus timing for CS1 space

10

Change the bus timing for CS2 space

11

Change the bus timing for CS3 space

CSTMGCR<TACL1.TACO>

00

TAC = 0 x 1/fsys (Default)

01

TAC =1 x 1/fgys

10

TAC =2 x 1/fgys

11

Reserved

TAC:The delay from A23-A0 to CSn, CSZx, CSXXx, R/W.

WRTMGCR<TCWS/H1.TCWS/HO>

00

TCWS/H = 0.5 x 1/fsys (Default)

01

TCWS/H = 1.5 x 1ffgys

10

TCWS/H = 2.5 x 1ffgys

11

TCWS/H = 3.5 x 1ffgys

TCWS:The delay from CSn to WRxx,SRWR,SRxxB.
TCWH:The delay from WRxx,SRWR,SRxxB to CSn.

RDTMGCRO0/1<BnTCRH1:BnTCRHO>

00

TCRH = 0 x 1/fgys (Default)

01

TCRH =1 x 1/fgys

10

TCRH =2 x 1/fgys

11

TCRH = 3 x 1/fgys

TCRH:The delay from RD,SRxxB to CSn.
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RDTMGCRO0/1<BnTCRS1:BnTCRSO0>
00 TCRS = 0.5 x 1/fsys (Default)
01 TCRS = 1.5 x 1/fsys
10 TCRS = 2.5 x 1/fgysg
11 TCRS = 3.5 x 1/fgys
TCRS:The delay from CSn to RD,SRxxB.
T1 T2 T3 ™w Tn-2 Tn-1 Tn
SDCLK \ \ / \ / \ \ /
(80MHz)
A23 to AO
C_S*n TAC
Riw TAC
" RD
Read SRxxB TCRS — TCRH
cycle | p31to DO \‘I nput\
~
e
WRxx
Write SRWR TCWE L TCWH
cycle SRxxB L
D31 to DO \Outplit Outpyit —
\ TCWE

Notel: Wait states (TWSs) are inserted as specified by the BnCSL register. No TW is inserted if the number of wait

state is specified as zero.

Note2: Above diagram shows case of 32-bit bus access.
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(a) External bus read/write cycle (0 wait state)

(7) Basic bus timing
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() External bus read cycle (1 wait state + TAC: 1x1/fsys + TCRS: 1.5x1/fsys
+ TCRH: 1x1/ fsys)

External bus write cycle (1 wait state + TAC: 1x1/fsys + TCWS/H: 1.5x1/fsys)

T1 T2 T3 T4 T5 T6
SDCLK /— \ / /
(80 MHZ) e / \_ \_/ / /
CSn TAC TAC
A23 to AD
RD SRxxB
TCRS —cRn Read
D31 to DO ’|npu1,
SRWR , SRxxB N
rcws TCWH
WRxx Write
rews TClVH
D31 to DO Output

Note: Above diagram shows case of 32-bit bus access.

(d External bus read/write cycle (4 wait states + WAIT pin input mode)
T1 T2 T3 T4 T5 T6

SDCLK I
(80 MHi2) \ \ \ \ \

CSn

A23 to AO

RD SRxxB

Read

D31 to DO

SRWR , SRxxB

(o]
/
—

WRXxx Write

r

D31 to DO _-( Outgut

WAIT / |\
ﬂk

Sampling

Note: Above diagram shows case of 32-bit bus access.
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(e) External bus read/write cycle (4 wait states + WAIT pin input mode)

T1 T2 T3 T4 T5 TW T6
(SOMH) /" NV NV \ \
A23 t0 AO i\
RD SRxxB n
SS Read
D31 to DO ()() ,’M}
SRWR , SRxxB ]
% |
WRxxX & Write
D31 to DO ( Outpit \\ B
WAIT \ | \
A A
Sampling Sampling

Note: Above diagram shows case of 32-bit bus access.

() External bus read cycle (4 wait states + WAIT pin input mode +TAC: 1x1/fsys
+ TCRS: 1.5x1/fsys + TCRH: 1x1/fsys)

External bus write cycle (4 wait states + WAIT pin input mode + TAC: 1x1/fsys
+ TCWS/H: 1.5x1/fsys)

T1 T2 T3 T4~T7 ™ T8 T9 T10
SDCLK
(80 MHz) \ /
= ss
A23to A0 \\ X
RD SRxxB &g ]
Ao Read
D31 to DO ()() /mm>
SRWR , SRxxB (« N
Wi - ({ Write
TECWS D) — —
WAIT IR Y AA
U 4
Sampling Sampling

Note: Above diagram shows case of 32-bit bus access.
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(8) External memory connections
Figure 3.8.4 shows an example of how to connect external 16-bit SRAM and 16-bit NOR

flash to the TMP92CF30.
16-bit SRAM
RD OE
SRLLB LDS
SRLUB uDS
SRWR RIW
Cso CE
D [15:0] [emmer 1/0 [16:1]
A0 [—>
Al A0
A2 Al
A3 A2
1 1 1
1 1 1
16-bit NOR flash
L OE
L WE
cs2 CE
DQ [15:0]
A0
Al
A2
1
1

Figure 3.8.4 Example of External 16-Bit SRAM and NOR Flash Connection
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3.8.4  Controlling the Page Mode Access to ROM

This section describes page mode access operations to ROM and the required register settings.
The page mode operation to ROM is specified by PMEMCR.

(1) Operations and register settings

The TMP92CF30 supports page mode accesses to ROM. Only the CS2 space can be
configured for this mode of access. The page mode operation to ROM is specified by the
Page ROM Control register, PMEMCR.

Setting the PMEMCR<OPGE> bit to 1 sets the mode of memory access to the CS2 space
to page mode.

The number of cycles required for a read cycle is specified by the
PMEMCR<OPWR1:0PWRO0> bits.

PMEMCR<OPWR1:0PWRO0>

<OPWR1> | <OPWRO0> Number of Cycles in Page Mode
0 0 1 cycle (n-1-1-1 mode) (n = 2)
0 1 2 cycles (n-2-2-2 mode) (n = 3)
1 0 3 cycles (n-3-3-3 mode) (n = 4)
1 1 4 cycles (n-4-4-4 mode) (n = 5)

Note: Specify the number of wait states (n) using the control register (BnCSL) for each address space.

The page size (the number of bytes) of ROM as seen from the CPU is determined by
PMEMCR<PR1:PR0O>. When the specified page boundary is reached, the controller
terminates the page read operation. The first data of the next page is read in the normal
mode. Then, the following data is read again in page mode.

PMEMCR<PR1:PRO>

<PR1> <PRO> ROM Page Size
0 0 64 bytes
0 1 32 bytes
1 0 16 bytes (Default)
1 1 8 bytes
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
SDCLK A NV NV N Y N Y NS N NN
1 1 1 1 1 1 1 1
1 [} 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 Dt L S S S S S S S S S S S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 T S S S S S S R S S S S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A—llyl{
A0-A23 IS B B B B
| X X X X X | X X X | N X | X X X |
1 1 1 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 1
= N[ oo o /F
1 1 1 1 1 [ 1 1 1 [ 1 1 1 [ 1 1 1 1
1 T T T T T T T T T T T T T T It
ld—— tapz — ] | [l tapz o] | [l tabe —f | [} tapz of | — J
- T I'\-\I 1 1 1 ) 1 1 1 ] 1 1 1 ) 1 1 1 iy
RD R A I T e T T e
1 I T T T T T T T T T T T T T T T T ItHR
i tRD3 —— 1o tHA | | I ofe—tHA | | 1 offe— tHA ] | oj—
! ! & put . 1 put ! & put ! & put
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Figure 3.8.5 Page Mode Access Timing (when using a 16-byte page size)
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3.85 Notes

(1) Timing for the CS and RD signals

If the load capacitance of the RD (Read) signal line is greater than that of the CS (Chip
Select) signal line, the deassertion timing of the read signal is delayed, which may lead to
an unintentional extension of a read cycle. Such an unintended read cycle extension,
which is indicated as (a) in Figure 3.8.6, may cause a problem.

spetk - TN/ N/ \/ \
A23 to AO X X

csm / \
csn N\ /[

C S

—>

@

Figure 3.8.6 Read Cycle of When the Read Signal is Delayed

Example: When using an externally connected NOR flash whose commands are compatible with the standard
JEDEC commands, the toggle bit may not be read correctly. If the rising edge of the read signal in the cycle
immediately preceding the NOR flash access cycle does not occur in time, a read cycle may be extended

unintentilnally as indicated as (b) in Figure 3.8.7.

Memory access Toggle bit RD cycle

SDCLK

(20 MH2) / 0\

A23 to AO

A/ \

NOR flash
chip select

ol

RD

/N S

P P G

'

Toggle bit

(b)
Figure 3.8.7 NOR Flash Toggle Bit Read Cycle

When the toggle bit is inverted due to this unexpected read cycle extension, the CPU
cannot read the toggle bit properly and it always reads the same value from the toggle bit.

To avoid this situation, it is recommended to perform data polling or to use the timing
adjustment function for the rising edge of the RD signal (RDTMGCRn
<BnTCRH1:BnTCRHO0>).
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BROMCR
(016CH)

(2) Setting up the NAND flash area
Figure 3.8.8 shows a memory map for the NAND flash memory.

Since it is recommended that the CS3 space be located in the memory area from
000000H to SFFFFFH, the following description is provided for such condition.In this case,
the NAND flash area overlaps with the CS3 space. However, the CS3 pin is not asserted
by setting the BROMCR<CSDIS> bit to 1. Likewise, the CS0 through CS3 pins, the
CSXA through CSXB pins and the CSZA through CSZD pins are not asserted either.

Note 1: In the above setting, 296 Kbytes out of the memory area for the CS3 (000000H to 049FFFH) cannot be used.
Note 2: The 16-byte area (001FFOH to 001FFFH) is predefined asNAND Flash area as shown below regardless of

which CS space is selected. Therefore, the setting of the CS3 space does not affect the NAND flash area.

(NAND-Flash area specification)

1. Buswidth : Specified by NDFMCR1<BUSW?> in the NAND Flash controller.

2. Wait control : Specified by NDFMCR<SPLW1:SPLWO0> and NDFMCR<SPHW1:SPHWO0> in
the NAND Flash controller

5 2 1 0
Bit Symbol CSDIS — —
Read/Write R/W
Reset State 1 1 0
Function Nand_Flash |Always write |Always write
area 1" ‘0"
CS output
0: Enable
1: Disable
000000H
Internal 1/0
001FFOH [
NAND flash All CS pins become to unactibe
(16 bytes) by BROMCR<CSDIS> ="1"
002000H -
Internal RAM
(128Kbytes)
021FFFH
046000H
Internal RAM
(16 Kbytes)
04A000H
COMMON X
(2 Mbytes)
CS3 area setting
200000H -------=----------- - 000000H to 3FFFFFH (4 Mbytes)
LOCAL X
(2 Mbytes)
400000H F-=--=-=-=-==----“-"--"----

Figure 3.8.8 Recommended CS3 Space Assignment
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(3) Setting up the NAND flash area

In case of using SDRAM (SDCS) and NAND flash together, the BROMCR<CSDIS> bit
cannot be used. This section provides an example of such cases.

It is recommended that the memory area from 000000H to 3FFFFFH be assigned to the
CS2 or CS1 (SDCS) space. A detailed description is provided below.

In this case, the NAND flash area overlaps with the CS2 or CS1 (SDCS) space.

So, if a program accesses NAND flash, the CS2 or CS1 space and NAND flash space are
accessed at the same time, which leads to problems such as a data conflict.

To avoid this, it is recommended that the 32-Kbyte memory area from 000000H to
007FFFH be assigned to the CS0 space. (The CS0 pin is not required.)

Since the CSO setting has higher priority over the settings of the CS2 and CS1 spaces,

only NAND flash will be accessed without causing data conflicts.

Note: In this case, the 32-Kbyte memory area from 000000H to 007FFFH within the SDCS space cannot be used.

000000H

001FFOH

002000H

021FFFH

046000H

04A000H

200000H

400000H

Internal 1/0

NAND flash
(16 bytes)

Internal RAM
(128 Kbytes)

Internal RAM
(16 Kbytes)

COMMON X
(2 Mbytes)

LOCAL X
(2 Mbytes)

CSO0 area setting 000000H to
007FFFH (32 Kbytes)

SDCS: CS2 or CS1 area setting
000000H to 3FFFFFH (4 Mbytes)

Figure 3.8.9 Recommended Assignment for the SDCS and CSO Spaces
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3.9 External Memory Extension (MMU)

The MMU allows for memory expansion by providing three local memory areas, the MMU
function allows for the expansion of the program/data area to 2.1Gbytes.

For recommended address memory maps, refer to Figure 3.9.1.

However, when the amount of memory being used is less than 16 Mbytes, it is not necessary
to configure the MMU register. For such cases, please refer to the section on the Memory
controller.

A memory area which can be configured into banks is called the LOCAL area. The address
range assigned to the LOCAL area is predefined and cannot be changed.
And the rest of the memory area is called the COMMON area.

Basically, a series of program routines should be stored entirely within one bank. The
program execution cannot be branched between different banks of the same LOCAL area using
the JP instruction. For more details, refer to the following programming examples.

The TMP92CF30 has the following external pins for connecting external memory.

e Address bus: EA28, EA27, EA26, EA25, EA24 and A23 to AO
e Chip Select: CS0toCS3, CSXA toCSXB, CSZA toCSXD, SDCS,NDOCE and NDICE
e Data bus: D31 to DO

Note: This device is a subset microcontroller of 900H1 series microcontroller: TMP92CZ26AXBG and
TMP92CF26A. The total memory size of this device was cut from 3.1GByte to 2.1G byte because number of
pins was cut, and BANK of Z-area was cut from 512 banks to 256 banks.

3.9.1 Recommended Memory Map

Figure 3.9.1 shows one of recommended address memory maps. This is an example of when
memory is expanded to the maximum size.
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NDOCE pin (512 MB)

Memory controller

setting

Address memory map , . ﬂ
SOt NDICE pin (512 MB)
A R e _
i —
CSXA pin csxB pin
COMMON-X 512 MB (2,MB x 256 512 MB (2 MB x 256
(2 MB) L\ ) (A :
---------- 3 - N - 2\ ] CS3-space
200000H 4 MB
LOCALX Bank0 [1 |2 |3 15 255(256) - - |51
(2 MB) & l
400000H
LOCAL-Y Bank0 |1 |2 |3 15 63
(2 MB) an
__________ i o e e el cSs1-space
600000H ~— —— — 4 MB
COMMON-Y N
2 MB SDCS : 64 MB (when connecting SDRAM: 2MB x 32) (Note 2)
( ) or CSl1pin: 128MB (2MB X 64)
___________ - - - - -y_
800000H +
LOCAL-Z Banko |1 |2 |3 |- - - [27|128|- - - 255 -|384|- - -|511
(4 MB)
___________ __ - - _ CS2-space
CO0000H ~ — 2N — | swms
COMMON.Z CSZA pin (Note 1) Cannot access . . . Cszb pin
i 512 MB (4 MB x 128)
(4 MB)
e [ on-chip memory area
FEFFFEH Vector area |:|: Memory area overlapping with COMMON-area, which cannot be configuyed as LOCAL-area.

Notel: CSZA is a chip-select signal for not only bank 0 through bank 127 of the LOCAL-Z area, but also for the

COMMON-Z area.

Note2: In case of connecting SDRAM to the Y-area, the maximum expanded memory size is 64 MB (2 MB x 32).

Figure 3.9.1 Recommended Memory Map for the Maximum Expansion (Logical address)
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92CF30

On-chip I/0O and
on-chip RAM

LOCAL-X

CSXA to CSXB,
EA24 to EA28
512 MB x 2 = 1024 MB

LOCAL-Y

SDCS or CS1
64 MB (Note)

LOCAL-Z

CSZA to cszD,
EA24 to EA28
512 MB x 2 = 1024 MB

CSXA CSZA CSzZD
Bank 0 Bank 0
" Bank O Bank 384
1
| |
: v I I
| |
1 Bank 63 I |
1 v v
|
|
1
v
Bank 127 Bank 511
Bank 255
CSXB
Bank256
Bank256
|
|
1 [
1 [
|
" 7
1
1
1
4
Bank 511
be accessed.
383

In TMP92CF30, there are not it on
the external that chip select pins

for from 256 to 383 Banks of local
Z-area. Therefore, its area cannot

(Don't use 256 to 383 Banks.)

Note: In case of connecting SDRAM to the Y-area, the maximum expanded memory size is 64MB (2MBx32).

Figure 3.9.2 Recommended Memory Map for the Maximum Expansion (Physical address)
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3.9.2  Control registers

The TMP92CF30 MMU has 21 registers. These registers are used for storing seven types of
data (program, read data, write data, source data for DMA channels of odd/even number,
destination-data for DMA channels of odd/even number) for each of three-LOCAL areas
(LOCAL-X through LOCAL-Z). These registers allow for easy data access.

(How to use the control registers)

First, load the control registers for each LOCAL area with the desired bank number and
enable/disable the specified bank. Then, configure the external pins to be used and also the
Memory Controller. Then, when the CPU accesses a logical address in the LOCAL area, the
MMU translates the logical address to the corresponding physical address according to the
programmed bank configuration. The physical address is then placed on the external
address bus pin, which enables external memory accesses. Thus, even when a program
accesses the same logical address, its physical address changes depending on the bank
specified by the program bank register. This enables memory accesses to the different
memory banks.

Notel: When programming the bank registers, the bank area that is overlapping with the COMMON area must not be
specified ( because addresses of those areas are converted to the same physical addresses).

Note2: In the LOCAL area, changing Program bank number (LOCALPX, Y or Z) is disabled. Program bank setting of
each LOCAL area must change in COMMON area. (But bank setting of data-Read and data-Write can change
also in LOCAL area.)

Note3: After setting values specifying the data bank number into bank registers for the read, write and DMA data
(LOCALRN, LOCALWnN or LOCALLN, LOCALESNn, LOCALEDnN, LOCALOSNn, LOCALODnN; the symbol “n”
indicates X, Y or Z), the specified bank requires a certain setup time to be enabled. Thus, the bank cannot be
accessed by an instruction immediately following the register setting instructions. In this case, insert a dummy

instruction which accesses SFR or another memory area as shown in the following example.

(Example)
Id xix, 200000h ;
ldw (localrx), 8001h ;. Specify the read-data bank number
ldw wa, (localrx) ;< Inserted dummy instruction which accesses SFR
ldw wa, (Xix) ;instruction which reads bank 1 of the LOCAL-X area.

Note4: When the LOCAL-Z area is used, pin P82 should be assigned as the chip select signal CSzA . In this case,
CSzA works as the chip select signal for the bank 0 through the bank 15, and also for the COMMON-Z area.

After reset, pin P82 should be properly configured following the procedure below.

ldw (localpz), 8000h ; Enable the banks in LOCAL-Z for program

ldw (localrz), 8000h ; Enable the banks in LOCAL-Z for read data

ldw (localwz), 8000h ; Enable the banks in LOCAL-Z for write data (*1)
Id (P8FC), -- - - _o - - ; Assign P82 as the CSZA output

Id (PBFC2), - - - - -1 - -B;

(*1) This setting is not required if the COMMON-Z area is not used to store write data.
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3.9.2.1 Program bank registers

These registers should be loaded with bank number values to specify the bank to be used
as program memory. As described above, the program execution cannot be directly
branched to a different bank in the same LOCAL area. The bank switching within the same

LOCAL area is prohibited.

LOCAL-X Register for Program

7 6 5 4 3 2 1 0
LOCALPX] Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0880H) | Read/Write R/W
Reset State o | o [ o | o ] o | o [ o | o
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0881H) | Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to0 111111111 CSXB
LOCAL-Y Register for Program
7 6 5 4 3 2 1 0
LOCALPY] Bit Symbol Y5 Y4 Y3 Y2 Y1l YO
(0882H) | Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(0883H) | Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for Program
7 6 5 4 3 2 1 0
LOCALPZ | Bit Symbol z7 Z6 z5 z4 Z3 z2 z1 Z0
(0884H) | Read/Write RIW
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(0885H) | Bit Symbol LZE Z8
Read/Write R/W R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 550000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1-Enable | 414000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCALRX
(0890H)

(0891H)

LOCALRY
(0892H)

(0893H)

3.9.2.2

Read-Data Bank Registers

These registers should be loaded with bank number values to specify the banks to be
used as read-data memory. The following example shows how to specify bank 1 for storing
read data in the LOCAL-X area. The instruction, “ldw wa, (xix),”reads the data from the
memory location at the address xix and stores it into the wa register of the CPU. When
loading the address xix into the read-data bank register, the bank is only enabled upon a
data (operand) read operation for the memory location at the address xix.

(Example)
Id xix, 200000h ;
Id (localrx), 8001h ;  Specify the read-data bank number.
Idw wa, (localrx) ; <« Insert a dummy instruction that accesses SFR
Idw wa, (Xix) ; Read bank 1 of the LOCAL-X area
LOCAL-X Register for Read Data
7 6 5 4 3 2 1 0
Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
Read/Write R/W
Reset State 0 [ o | o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for Read Data
7 6 5 4 3 2 1 0
Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
Read/Write R/W
Reset State o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
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LOCAL-Z Register for Read Data
7 6 5 4 3 2 1 0
LOCALRZ |Bit Symbol Y44 76 Z5 Z4 Z3 z2 Z1 Z0
(0894H) Read/Write RIW
Reset State 0 [ o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(0895H) Bit Symbol LZE Z8
Read/Write R/W R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable  [000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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3.9.2.3 Write-Data Bank Registers

These registers should be loaded with bank number values to specify the banks to be

used as write data memory. The following example shows how to specify bank 1 for storing

write data in the LOCAL-X area. The instruction, “ldw (xix), wa,” writes the wa register

value of the CPU into the memory location at the address xix. When loading the address xix

into the read-data bank register, the bank is only enabled upon a data (operand) write

operation for the memory location at the address xix.

(Example)
Id xix, 200000h ;
Id (localwx), 8001h ;. Specify the write-data bank number.
Idw wa, (localwx) ;< Insert a dummy instruction that accesses SFR
Idw (xix), wa ; Write to bank 1 of the LOCAL-X area
LOCAL-X Register for Write Data
7 6 5 4 3 2 1 0
LOCALWX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(0898H) Read/Write RIW
Reset State 0 [ o | o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(0899H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for Write Data
7 6 5 4 3 2 1 0
LOCALWY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(089AH) Read/Write R/W
Reset State o | o | o ] o | o [ o
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(089BH) Bit Symbol LYE
Read/Write RIW
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
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LOCAL-Z Register for Write Data
7 6 5 4 3 2 1 0
LOCALWZ | Bit Symbol Z7 76 Z5 Z4 Z3 Z2 Z1 Z0
(089CH) Read/Write R/IW
Reset State 0 o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(089DH) Bit Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable  |000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111  Setting prohibited 110000000 to 111111111 CSZD
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3.9.2.4 DMA-Function Bank Registers

The TMP92CF30 supports not only the read and write operations of the CPU, but also
the high-speed data transfer by enabling the internal DMAC to become the bus master.
(Please refer to Section 3.7, “DMA Controller”.)

These registers are provided specially for the DMA operation, separately from the bank
registers for the CPU. Regardless of the settings of the bank registers for program, read
and write data of the CPU, the banks to be used as source address memory and destination
address memory are specified individually during DMA operations.

The DMAC of the TMP92CF30 supports six channels, and the bank control is performed
by dividing those channels into 2 groups. The DMA channels with the even-channel number,
0, 2 and 4, are classified into the E-group (ES and ED groups); while the channels with the
odd-channel number, 1 and 3, are classified into the O-group (OS and OD groups). These
registers cannot specify bank numbers for each channel, but specifies one bank number for
all the channels in the same group.

The following example shows how to specify bank 1 for storing DMA-source addresses in
the LOCAL-X area, and also specify bank 2 for storing DMA-destination addresses in the
LOCAL-Y area. If the DMA operation for channel 0 is initiated Assume that the source and
destination addresses specified by the DMA operation, which is described in Section 3.7,
are set into the LOCAL-X and LOCAL-Y areas, respectively. Then, if the DMA operation
for channel 0 is initiated, bank 1 in the LOCAL-X area is configured as the source address
memory, and bank 2 in the LOCAL-Y area is configured as the destination address memory.

(Example)
Idw (localesx), 8001h ;  Specify DMA-source bank number for channel 0
ldw (localedy), 8002h ; Specify DMA-destination bank number for channel 0

DMA operation for channel O is started
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LOCAL-X Register for the E-group DMA Source
7 6 5 4 3 2 1 0
LOCALESX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08A0H) Read/Write R/W
Reset State 0 [ o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08A1H) Bit Symbol LXE X8
Read/Write RIW R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for the E-group DMA Source
7 6 5 4 3 2 1 0
LOCALESY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08A2H) Read/Write R/W
Reset State o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(08A3H) Bit Symbol LYE
Read/Write RIW
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for the E-group DMA Source
7 6 5 4 3 2 1 0
LOCALESZ | Bit Symbol Z7 76 Z5 Z4 Z3 Z2 Z1 Z0
(08A4H) Read/Write R/IW
Reset State 0 | o | o | 0o | o | 0o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3)
15 14 13 12 11 10 9 8
(08A5H) Bit Symbol LZE Z8
Read/Write R/W R/W
Reset State 0 0
Function BANK for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable  |000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1:Enable  |010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCAL-X Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08A8H) Read/Write RIW
Reset State 0 o [ o [ o | o | o | o | o
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08A9H) Bit Symbol LXE X8
Read/Write RIW R/IW
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 t0 111111111 CSXB
LOCAL-Y Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08AAH) Read/Write R/W
Reset o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(08ABH) Bit Symbol LYE
Read/Write R/W
Reset 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for the E-group DMA Destination
7 6 5 4 3 2 1 0
LOCALEDZ | Bit Symbol Y44 76 Z5 Z4 Z3 z2 Z1 Z0
(0BACH) Read/Write RIW
Reset State 0 o [ o [ o | o | o | o | o
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08ADH) Bit Symbol LZE Z8
Read/Write RIW R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable (000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable

010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCAL-X Register for the O-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08BOH) Read/Write R/W
Reset State o | o [ o | o ] o | o [ o | o
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08B1H) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
LOCAL-Y Register for the O-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSY | Bit Symbol Y5 Y4 Y3 Y2 Y1l YO
(08B2H) Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(08B3H) Bit Symbol LYE
Read/Write R/W
Reset State 0
Function Bank for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for the O-group DMA Source
7 6 5 4 3 2 1 0
LOCALOSZ | Bit Symbol Y44 76 Z5 Z4 Z3 Z2 Z1 Z0
(08B4H) Read/Write RIW
Reset State 0 [ o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08B5H) Bit Symbol LZE Z8
Read/Write RIW R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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LOCAL-X Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODX | Bit Symbol X7 X6 X5 X4 X3 X2 X1 X0
(08B8H) Read/Write R/W
Reset State 0 o | o | 0o | o | o | o | 0
Function Specify the bank number for the LOCAL-X area
(Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
15 14 13 12 11 10 9 8
(08BYH) Bit Symbol LXE X8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 t0 111111111 CSXB
LOCAL-Y Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODY | Bit Symbol Y5 Y4 Y3 Y2 Y1 YO
(08BAH) Read/Write R/W
Reset State o | o | o | o | o | 0
Function Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not be
specified as 3.)
15 14 13 12 11 10 9 8
(08BBH) | Bit Symbol LYE
Read/Write R/W
Reset State 0
Function BANK for
LOCAL-Y
0: Disable
1: Enable
LOCAL-Z Register for the O-group DMA Destination
7 6 5 4 3 2 1 0
LOCALODZ | Bit Symbol z7 Z6 z5 z4 Z3 z2 z1 Z0
(08BCH) Read/Write RIW
Reset State 0 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
15 14 13 12 11 10 9 8
(08BDH) | Bit Symbol LZE z8
Read/Write R/W R/W
Reset State 0 0
Function Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable [ 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD

92CF30-186 2009-06-12



TOSHIBA TMP92CF30
3.9.3  Programming example
The conditions listed in this table apply the following programming examples.
. Logical Physical
No. Used as Memory Setting MMU area
address address
(a) Main NOR-Flash CSZA, COMMON-Z COO0000H to
Routine (16 MB, 1 pcs) 32 bit, FFFFFFH
(b) Character- 1 wait state Bank 0 in 800000H to 000000H to
ROM LOCAL-Z BFFFFFH 3FFFFFH
(c) Subroutine cs1 , Bank 0 in 400000H to 000000H to
SRAM 16 bit LOCAL-Y 5FFFFFH 1FFFFFH
(16 MB, 1 pcs) ’
0 wait state
(d) Stack- On-chip-RAM - Bank 2 in 002000H to
RAM (144KB) (32 bit, 2-1-1-1clk) LOCAL-Y 049FFFH
(a) Main Routine (COMMON-Z)
Logical | Physical | nstruction .
Instruction Comment
Address | Address No.
1 org CO00000H ;
C00000H <-(Same) 2 Ildw  (mamr2),80FFH ; CS2 800000-FFFFFF/8MB
C000xxH <- 3 ldw  (b2csl), C222H ; CS2 32-bit ROM, 1 wait state
4 ldw (mamrl),40FFH ; CS1 400000-7FFFFF/4AMB
5 ldw (blcsl), 8111H ; CS1 16-bit RAM, 0 wait state
5.1 Idw  (localpz),8000H ; Enable LOCAL-Z bank for program
5.2 ldw  (localrz),8000H ; Enable LOCAL-Z bank for read-data
Id  (p8fc), 02H ; P81: Csi
7 Id (p8fc2), 04H ; P82:
9 Id Xsp,48000H ; Stack Pointer = 48000H
10 ldw (localpy),8000H ; Bank O in LOCAL-Y is configured as the
program bank for subroutines
11 ;
C000yyH <- 12 call  400000H ; Call a subroutine
13 ;
14 ;
15 ;

The instructions No.2 through No.8 configure external pins and the Memory Controller.

The instruction No.9 specifies the stack pointer value. The stack pointer is herein

specified to point to the memory location in on-chip RAM.

The instruction No.10 configures the setting used for a subroutine call instruction of

No.12.

The instruction No.12 calls a subroutine. When the CPU generates the address 400000H,
the MMU translates it to the physical address 000000H, which is then placed onto the
external address bus: A23 to A0O. Since the logical address is within the address range of
the CS1 space, CS1 for SRAM is asserted at the same time. By using these instructions,

the program execution of the CPU can be branched to the subroutine.

Note: This example assumes that the subroutine program is already written into SRAM.
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(b) Subroutine (Bank 0 in LOCAL-Y)
Logical | Physical | Instruction )
Instruction Comment
address | address No.
16 org 400000H ,
400000H | 000000H 17 ldw  (localrz), 8001H ; Bank 0 in LOCAL-Z is configured as
read-data memory for Character-RAM
4000xxH | 0000xxH 18 Id  xiy,800000H ; Index address register for reading
Character-ROM
19 Id wa, (xiy) ; Read Character-ROM
20 :
21 1d—focap)._82H
22 :
5000yyH 1000yyH 23 ret

The instruction No.17 configures Bank 0 of the LOCAL-Z area to read data from
character-ROM.

The instructions No.18 and No.19 are used to read data from character-ROM. When the
CPU generates the address 800000H, the MMU translates it to the physical address
000000H, which is then placed onto the external address bus: A23 to AO. Since the logical
address is within the address range of the CS2 space, €SzA for NOR-Flash is asserted at
the same time. By using these instructions, the CPU can read data from character ROM.

The instruction No.21 switches the program bank in the LOCAL area. Since the program
bank switching within the same LOCAL area is prohibited, this is a bad example.
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3.10 SDRAM Controller (SDRAMC)

The TMP92CF30 incorporates an SDRAM controller (SDRAMC) for accessing SDRAM that can
be used as data memory, program memory, or display memory.

The SDRAMC has the following features:

(1) Supported SDRAM
Data rate type : SDR (single data rate) type only
Memory capacity :16/64 /128 /256 /512 Mbits
Number of banks : 2 banks/ 4 banks
Data bus width 116 bits

(This device support 32-bit data bus mode, but the accessing to SDRAM
is 16-bit mode only.)

Read burst length : 1 word / full page

Write mode : Single mode / Burst mode

(2) Supported initialization sequence commands
Precharge All command

Eight Auto Refresh commands

Mode Register Set command

(3) Access mode

CPU Cycle HDMA Cycle
Burst length 1 word 1 word or full page selectable
Addressing mode Sequential Sequential
CAS latency (clock) 2 2
Write mode Single Single or burst selectable
(4) Access cycles
e CPU access cycles
Read cycle : 1 word, 4-3-3-3 states (minimum)
Write cycle : Single, 3-2-2-2 states (minimum)
Data size :1byte/ 1 word/ 1 long-word
e  HDMA access cycles
Read cycle : 1 word, 4-3-3-3 states / full page, 4-1-1-1 states (minimum)
Write cycle : Single, 3-2-2-2 states (minimum) / burst, 2-1-1-1 states (minimum)
Data size : 1 byte/ 1 word / 1 long-word

(5) Auto generation of refresh cycles
e Auto Refresh is performed while the SDRAM is not being accessed.
e The Auto Refresh interval is programmable.
e The Self Refresh function is also supported.

Note: The SDRAM address area is determined by the CS1 or CS2 setting of the memory controller. However, the

number of bus cycle states is controlled by the SDRAMC.
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3.10.1 Control Registers
The SDRAMC has the following control registers.
SDRAM Access Control Register
7 6 5 4 3 2 1 0
SDACR Bit symbol SRDS — SMUXW1 | SMUXWO0 SPRE SMAC
(0250H) | Read/Write R/W R/W
Reset State 1 0 o | o 0 0
Function Read data | Always Address multiplex Read/Write SDRAM
shift write “0” type commands controller
function 00: Type A (A9-) 0: Without 0: Disable
0: Disable 01: Type B (A10-) auto 1: Enable
1: Enable 10: Type C (A11-) precharge
11: Reserved 1: With auto
precharge
SDRAM Command Interval Setting Register
7 6 5 4 3 2 1 0
SDCISR | Bit symbol STMRD STWR STRP STRCD STRC2 STRC1 STRCO
(0251H) | Read/Write RIW
Reset State 1 1 1 1 1 | 0 | 0
Function TMRD TWR TRP TRCD TRC
0:1CLK 0:1CLK 0:1CLK |0:1CLK |000:1CLK 100: 5 CLK
1:2 CLK 1:2 CLK 1:2CLK |1:2CLK |001:2CLK 101: 6 CLK
010: 3 CLK 110: 7 CLK
011: 4 CLK 111: 8 CLK
SDRAM Refresh Control Register
7 6 5 4 3 2 1 0
SDRCR | Bit symbol - SSAE SRS2 SRS1 SRS0 SRC
(0252H) | Read/Write R/W R/W
Reset State 0 1 0 | 0 0 0
Function Always Self Refresh interval Auto
write “0” Refresh | 000: 47 states  100: 468 states Refresh
auto exit | 001: 78 states  101: 624 states 0O:Disable
function  [010: 156 states 110: 936 states 1:Enable
O:Disable |011:312states 111: 1248 states
1:Enable
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SDRAM Command Register
7 6 5 4 3 2 1 0

sbcMM | Bit symbol scmM2 | scmmi | scmmo
(0253H) | Read/Write RIW
o | o | o

Reset State
Function

Command issue (Note 1) (Note 2)
000: Don't care
001: Initialization sequence
a. Precharge All command
b. Eight Auto Refresh commands
c. Mode Register Set command
010: Precharge All command
100: Reserved
101: Self Refresh Entry command
110: Self Refresh Exit command
Others: Reserved

Note 1: <SCMM2:0> is automatically cleared to “000” after the specified command is issued. Before writing the next
command, make sure that <SCMM2:0> is “000". In the case of the Self Refresh Entry command, however,
<SCMMZ2:0> is not cleared to “000” by execution of this command. Thus, this register can be used as a flag for
checking whether or not Self Refresh is being performed.

Note 2: The Self Refresh Exit command can only be specified while Self Refresh is being performed.

SDRAM HDMA Burst Length Select Register

7 6 5 4 3 2 1 0
SDBLS | Bit symbol SDBL5 SDBL4 SDBLS SDBL2 SDBL1 SDBLO
(0254H) | Read/Write RIW
Reset State 0 0 0 0 0 0
Function For For For For For For
HDMAS5 HDMA4 HDMA3 HDMA2 HDMA1 HDMAO

HDMA burst length
0: 1 Word read / Single write
1: Full page read / Burst write

Figure 3.10.1 Control Registers
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3.10.2 Operation Description

(1) Memory access control
The SDRAMC is enabled by setting SDACR<SMAC> to “1”.
When one of the bus masters (CPU, DMAC) generates a cycle to access the SDRAM address
area, the SDRAMC outputs SDRAM control signals.

Figure 3.10.2 to Figure3.10.5 shows the timing for accessing the SDRAM. The number of
SDRAM access cycles is controlled by the SDRAMC and does not depend on the number of
waits controlled by the memory controller.

(a) Command issue function

The SDRAMC issues commands as specified by the SDCMM register. The SDRAMC also
issues commands automatically for each SDRAM access cycle generated by each bus
master.

Table 3.10.1 shows the commands that are issued by the SDRAMC.

Table 3.10.1 Commands Issued by the SDRAMC

Command CKEn-1 | CKEn [SDxxDQM| A10 A::-(l)l SDCS | SDRAS | SDCAS | SDWE
Bank Activate H H H RA RA L L H H
Precharge All H H H H X L L H L
Read H H L L CA L H L H
Read with Auto Precharge H H L H CA L H L H
Write H H L L CA L H L L
Write with Auto Precharge H H L H CA L H L L
Mode Register Set H H H L M L L L L
Burst Stop H H H X X L H H L
Auto Refresh H H H X X L L L H
Self Refresh Entry H L H X X L L L H
Self Refresh Exit L H H X X H H H H

Note 1:H = High level, L = Low level, RA = Row address, CA = Column address, M = Mode data, X = Don't care
Note 2: CKEp = CKE level in the command input cycle
CKEn-1 = CKE level in a cycle immediately before the command input cycle
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(b) Address multiplex function

In access cycles, the A0 to Al5 pins output low/column multiplexed addresses. The
multiplex width is set by SDACR<SMUXW1:0>. Table 3.10.2 shows the relationship
between the multiplex width and low/column addresses.

Table 3.10.2 Address Multiplex

SDRAM Access Cycle Address
92CF30 Row Address
Pin Name Type A Type B Type C Column Address
<SMUXW> =00 | <SMUXW> =01 | <SMUXW> =10
A0 A9 A10 A1l Al
Al A10 A1l A12 A2
A2 A1l A12 A13 A3
A3 A12 A13 Al4 A4
A4 A13 Al4 A15 A5
A5 Al4 A15 A16 A6
A6 A15 Al6 A17 A7
A7 A16 AL7 A18 A8
A8 AL7 A18 A19 A9
A9 A18 A19 A20 A10
A10 A19 A20 A21 AP *
A1l A20 A21 A22
A12 A21 A22 A23
A13 A22 A23 EA24 Row Address
Al4 A23 EA24 EA25
A15 EA24 EA25 EA26

*AP: Auto Precharge

(¢ Burst length

When the CPU accesses the SDRAM, the burst length is fixed to 1-word read/single write.
The burst length can be selected for SDRAM read and write accesses by HDMA if the
following conditions are satisfied:

e The HDMA transfer mode is an increment mode.
e Transfers are made between the SDRAM and internal RAM or internal 1/0.

In other cases, HDMA operation can only be performed in 1-word read/single write mode.
Use SDBLS<SDBL5:0> to set the burst length for each HDMA channel.
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P 4CLK N 3CLK < 3CLK N

SDCLK | | | | | | | | L[
SDCKE

SDLUDQM \ ya / yams

SDLLDQM \ ya /|

SDCS ————\ /

SDRAS

0 AP

SIS
e r

_/
_/

SDCAS

SDWE

O\
A0 X ral \
X

A15-A0 X RA

D15-DO (oM ) (D (n+4)

CA (n) CA (n+2) CA (n+4)

& N i = < ~ & N
- @ - 4 - Cd - Cd
trRcD= CAS Latency=2CLK CAS Latency=2CLK CAS Latency=2CLK
I | t t
Bank Read Read Read
Active

Figure 3.10.2 1-Word Read Cycle Timing

P ACLK | 1CLK i 1CLK Burst Stop Cycle 2CLK.
SDCLK | | | | |
SDCKE

SDLUDQM \ /

SDLLDQM \ /

SDCS — -
SDRAS —:\\_ _/ / N
SDCAS |/

SDWE \_____/___

A0 X R\ X AL0
AL5-A0 X Rl X eAm 1T [ T T e X AT50
D15-DO (om Ko WD) ) ("oamy) XD (@my)

' tlpeccaz ' CAS Latency=2CLK |
Bank Read Burst Stop
Active

Figure 3.10.3 Full-Page Read Cycle Timing
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B sclk | 20k | 20K
SDCLK [ | I I I I I I
SDCKE
SDLUDQM ST T/
SDLLDQM ST TN/
SPES TN /T ]
SDRAS T\ |/
TN T/
SDWE SN
A0 X R\
A15-A0 X Ral X icam) CA (n+2) CAl(n+4)
D15-DO ( D(n ) { Py
' S 4 1k t 1otk t 1otk
f{iir:,l; Write Write Write
Figure 3.10.4 Single Write Cycle Timing
2CLK | 1CK | 1CLK Burst Stop Cycle 2CLK
SDCLK | | | | |
SDCKE
SDLUDQM \ /
SDLLDQM \ /
SPCS T\ / /T
SDRAS T~ \ | /
SDCAS \_| /
SDWE | / \__ /T
AO X mal N\ ||| e 0
A15-A0 W RAL X[ oam | [ | e CAM) ALS-
D15-DO { ) N EP N ED (o) )
“o 4
fk e Son

Figure3.10.5 Burst Write Cycle Timing
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(2) Execution of instructions on SDRAM

The CPU can execute instructions that are stored in the SDRAM. However, the following
operations cannot be performed.

a) Executing the HALT instruction
b) Changing the clock gear setting
¢) Changing the settings in the SDACR, SDCMM, and SDCISR registers

These operations, if needed, must be executed by branching to other memory such as
internal RAM.

(3) Command interval adjustment function

Command execution intervals can be adjusted for each command. This function enables the
SDRAM to be accessed at optimum cycles even if the operation frequency is changed by clock
gear.

Command intervals should be set in the SDCISR register according to the operating
frequency of the TMP92CF30 and the AC specifications of the SDRAM.

The SDCICR register must not be changed while the SDRAM is being accessed.

The timing waveforms for various cases are shown below.

(a) Mode Register Set command

SDCLK _/_\ /

Next
COMMAND NOP MRS NOP con nil(and NOP

TMRD

*TMRD=2CLK (SDCISR<STMRD>= “1")
(b) Auto Refresh command

soclk [N / NV N

AUTO Next
COMMAND NoP Y _AbTO X" NoP NOP NoP NoP X e

TRC]
*TRC=5CLK (SDCISR<STRC2:0>= “100")

(¢) Self Refresh Exit

soeik N NN

SDCKE /
COMMAND XXX Nop NP NoP NP NoP I e
TR
1 *TRC=5CLK (SDCISR<STRC2:0>= “100")

Exit Self Refresh
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(d Precharge command

SDCLK _/_\ /

NOP PREQHARGE] NIOP Next NOP
COMMAND Conmmand

TRP

*TRP=2CLK (SDCISR<STRP>= “1")

(e) Read cycle

SDCLK _/ / / /

COMMAND NOP AC[TIVE NOP READ NOP NOP NOP AC[TIVE
A15-A0 Rqw Address Qolumn Addrgss Non/MUX-gddress Rgw Address
D15-D0 TRED X DIN

TRC

*TRCD=2CLK (SDCISR<STRCD>= “1")
*TRC=6CLK (SDCISR<STRC2:0>=“101")

(f) Write cycle

SDCLK / /N
COMMAND Nop AC[TIVE NOP WRITE NOP PRECHARG Nor AQTIVE
A15-A0 Rgw Address dolumn Addrgss NonfMUX-gddress Rgw Address
D15-D0 X DOUT
TRCD TWR TRP
TRC

*TRCD=2CLK (SDCISR<STRCD>= “1")
*TWR=2CLK (SDCISR<STWR>= “1")
*TRP=2CLK (SDCISR<STRP>= “1")
*TRC=6CLK (SDCISR<STRC2:0>=“101")
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(4) Read data shift function

If the AC specifications of the SDRAM cannot be satisfied when data is read from the
SDRAM, the read data can be latched in a port circuit so that the CPU can read the data in the
next state. When this read data shift function is used, the read cycle requires additional one
state. The write cycle is not affected. The timing waveforms for various cases are shown below.

(a) 1-word read, the read data shift function disabled (SDACR<SRCS> = “0”)

SDCLK / \ \ V/ /
comvano NOP X ACITIVE ¥ READ NOP NorP X AcCTIVE ¥ READ
Column
A15-A0 Rgw Address ColymnAddress Rqw Address Adirons
D15-D0 X[ bini] X
Internal tem §
cloglilS N ﬁ X ] |
Internal dat bus >< DIN1 (]><
V)
?

CPU data read

(b) 1-word read, the read data shift function enabled (SDACR<SRDS> = “1”,
<SRDSCK>=“0")

SDCLK \_/_ \_/_ \

COMMAND NOP ACTIVE READ NOP NOP NOP ACTIVE
A15-A0 Rqw Address ColimnAgdress Rqw Address
D15-DO X{Joint X

Internal system clock - ] - ] QQ

Internal data bus >< PINT )><

) 1
External data latch CPU data read
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(¢) Full-page read, the read data shift function enabled (SDACR<SRDS> = “1”,
<SRDSCK> = “0")

SDCLK \_ /" NV

COMMAND NOP AC[TIVE READ NOP NOP NOP NOP
A15-A0 Rgw Address ColumnAddress
D15-D0 X1loint X Tloing X [Joing X
Internal system clock ] g o g g {
Internal data bus >< DIN1 )X PIN2 X DIN3

1 1
External data latch CPU data read

(5) Read/Write commands

The Read/Write commands to be used in 1-word read/single write mode can be specified by
using SDACR<SPRE>.

When SDACR<SPRE> is set to “1”7, the Read/Write commands are executed with Auto
Precharge. When Auto Precharge is enabled, the SDRAM is automatically precharged
internally at every access cycle. Thus, the SDRAM is always in a “bank idle” state while it is
not being accessed. This helps reduce the power consumption of the SDRAM but at the cost of
degradation in performance as the Bank Active command is needed at every access cycle.

When SDACR<SPRE> is set to “0”, the Read/Write commands are executed without Auto
Precharge. In this case, the SDRAM is not precharged at every access cycle and is always in a
“bank active” state. This increases the power consumption of the SDRAM, but improves
performance as there is no need to issue the Bank Active command at every access cycle. If an
access 1s made to outside the SDRAM page boundaries or if the Auto Refresh command is
issued, the SDRAMC automatically issues the Precharge All command.
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(6) Refresh control
The TMP92CF30 supports two kinds of refresh commands: Auto Refresh and Self Refresh.

(a) Auto Refresh
When SDRCR<SRC> is set to “1”, the Auto Refresh command is automatically issued at
intervals specified by SDRCR<SRS2:0>. The Auto Refresh interval can be specified in a
range of 47 states to 1248 states (0.78 ps to 20.8 us at f sys = 60 MHz).

The CPU operation (instruction fetch and execution) is halted while the Auto Refresh
command is being executed. Figure 3.10.6 shows the Auto Refresh cycle timing, and Table
3.10.3 shows the Auto Refresh interval settings. The Auto Refresh function cannot be used
in IDLE1 and STOP modes. In these modes, use the Self Refresh function to be explained

next.

Note: A system reset disables the Auto Refresh function.

<+— 2 states —

SDCLK [
SDCKE

SDLUDQM
SDLLDQM

SDCS

SDRAS N\ S
b

SDCAS ]

SDWE

1

Auto Refresh

Figure 3.10.6 Auto Refresh Cycle Timing

Notel: Set the interval of Auto Refresh as below table for your reference.

Note2: Take care SDRAM specification and CPU operation speed, please.

Table 3.10.3 System clock speed & auto refresh interval
SDRCR<SRS2:0> Frequency: system clock [ MHz ]

interval 1 2 3 4 6 8 10 | 20 | 30 | 40 [ 60 | 80
SRS2|SRS1|SRS0| State

Time: auto refresh interval [ us ]

47 47.0 | 235 | 1567 | 11.75| 783 | 588 | 470 | 235 | 157 | 1.18 | 0.78 | 0.59
78 78.0 | 39.0 | 26.0 | 195 | 13.0 | 9.75 | 7.80 3.9 2,60 | 1.95 | 1.30 | 0.98
156 156.0 | 78.0 | 52.0 | 39.0 | 26.0 | 195 | 1560 | 7.8 520 | 390 | 260 | 1.95
312 312.0 | 156.0 | 104.0 | 78.0 | 520 | 39.0 | 31.2 | 1560 | 104 | 7.80 | 520 | 3.90
468 468.0 | 234.0 | 156.0 | 117.0 | 78.0 | 585 | 46.8 | 234 | 1560 | 11.7 | 7.80 | 5.85
624 624.0 | 312.0 | 208.0 | 156.0 | 104.0 | 78.0 | 62.4 | 31.2 | 20.8 | 15.60 | 10.4 | 7.80
936 936.0 | 468.0 | 312.0 | 234.0 | 156.0 | 117.0 | 93.6 | 46.8 | 31.2 | 23.4 | 15.60 | 11.70
1248 11248.0| 624.0 | 416.0 | 312.0 | 208.0 | 156.0 | 124.8 | 62.4 | 41.6 | 31.2 | 20.8 | 15.60

|~ |k |k |]JO |JO |O |O
|k |O |O | |k |O |O
P |O |k |O | |O |- |O

Note: Above gray zone is prohibited to set. SDRAM request: 4096 times per 64ms.(Refresh request: under 15.625us)

92CF30-200 2009-06-12



TOSHIBA TMP92CF30

(b) Self Refresh

The Self Refresh Entry command is issued by setting SDCMM<SCMM2:0> to “101”.
Figure 3.10.7 shows the Self Refresh cycle timing. Before entering Self-refresh mode, issue
the all Bank Pre-charge Command. Once Self Refresh is started, the SDRAM is refreshed
internally without the need to issue the Auto Refresh command.

Note 1: When standby mode is released by a system reset, the I/O registers are initialized and the Self Refresh state
is exited. Note that the Auto Refresh function is also disabled at this time.

Note 2: The SDRAM cannot be accessed while it is in the Self Refresh state.

Note 3: To execute the HALT instruction after the Self Refresh Entry command, insert at least 10 bytes of NOP or
other instructions between the instruction to set SDCMM<SCMM2:0> to “101” and the HALT instruction.

SDCLK_|
SDCKE ™ |

L I [ i

T

SDLUDQM
SDLLDQM
SDCS __\_ / \__/__
SDRAS __\_ / ? \__/__
SDCAS |\ / N/
SDWE
t t t
Self Refresh Entry Self Refresh Exit Auto Refresh Mode
Set

Figure 3.10.7 Self Refresh Cycle Timing

Setting Example

org 0x2000 ;. Internal RAM

Id (sdcmm),0x02 ;. All Bank Precharge Command
Id (sdcmm),0x05 ;. Self Refresh Entry Command
NOPx10 ; Setup time

halt ;
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The Self Refresh state can be exited by the Self Refresh Exit command. The Self Refresh
Exit command is executed when SDCMM<SCMM2:0> is set to “110”. It is also executed
automatically in synchronization with HALT mode release. In either of these two cases,
Auto Refresh is performed immediately after the Self Refresh state is exited. Then, Auto
Refresh is executed at specified intervals. Exiting the Self Refresh state clears

SDCMM<SCMM2:0> to “000”.

SDRAM Refresh Control Register

7 6 5 4 3 2 1 0
SDRCR | Bit symbol — SSAE SRS2 SRS1 SRSO SRC
(0252H) | Read/Write RIW RIW
Reset State 0 1 o | o | o 0
Function Always Self Refresh interval Auto
write “0” Refresh | 000: 47 states  100: 468 states Refresh
auto exit | 001: 78 states  101: 624 states | O:Disable
function  |010: 156 states 110: 936 states 1:Enable
O:Disable |011: 312 states 111: 1248 states
1:Enable

Setting SDRCR<SSAE> to “1” enables automatic execution of the Self Refresh Exit
command in synchronization with HALT release.

Setting SDRCR<SSAE> to “0” disables automatic execution of the Self Refresh Exit
command in synchronization with HALT release. The auto exit function should also be
disabled in cases where the SDRAM operation requirements cannot be met as the operation
clock frequency is reduced by clock gear down, as shown in Figure 3.10.8.

Gear down Gear up
—
fsvs
60MHz
|
|
625 kHz (10MHz/16
z( 2/16) ! Interrupt !
1 1
CPU | l :
Auto-EXIT SR CLK HALT CLK SR Auto-EXIT
disable  |ENTRY/| change < change | EXIT enable
' ' HALT mode ' '
1 1 1 1
SDRAM controller E i E E
internal state ! ! ! !
1 1
Auto Exit E Auto Exit i Auto Exit
enable ! disable ! enable
| i
1 1
1 1
1 1
] ]

SDRAM state

Auto Refresh

Self Refresh

Auto Refresh

Figure 3.10.8 Execution Flow for Executing HALT Instruction after Clock Gear Down
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(7) SDRAM initialization sequence
After reset release, the following sequence of commands can be executed to initialize the

SDRAM.

Precharge All command
Eight Auto Refresh commands

Mode Register Set command

The above commands are issued by setting SDCMM<SCMMZ2:0> to “001”. While these
commands are issued, the CPU operation (instruction fetch, execution) is halted. Before
executing the initialization sequence, appropriate port settings must be made to enable the
SDRAM control signals and address signals (A0 to A15).

After the initialization sequence is completed, SDCMM<SCMMZ2:0> is automatically cleared

to “000”.
SieIeT8. S I I I I I I I I O O S R B B B R B
SDCKE
SDLUDQM
SDLLDQM
S¢S T\ SN N\ NS N IV NI
SDRAS —\ /——\__/——\_ _\__/__\_ _/_ —\_ J
SDCAS ] NN A NS S S
sowe | N/ 3 N/
A0 |/ \ /
A15-A0 | X 627 X 227 {’{I X_

t t t t t t t

Precharge All  Auto Refresh Auto Refresh Auto Refresh Auto Refresh Auto Refresh  Mode Register
Set

Figure3.10.9 Initialization Sequence Timing
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(8) Connection example

Figure 3.10.10 shows an example of connections between the TMP92CF30 and SDRAM.

Table 3.10.4 Pin Connections

SDRAM Pin Name
92CF30
. Data Bus Width 16 bits
Pin Name
16M 64M | 128M | 256M | 512M
A0 A0 A0 A0 A0 A0
Al Al Al Al Al Al
A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3
A4 A4 A4 A4 A4 A4
A5 A5 A5 A5 A5 A5
A6 A6 A6 A6 A6 A6
A7 A7 A7 A7 A7 A7
A8 A8 A8 A8 A8 A8
A9 A9 A9 A9 A9 A9
Al0 Al0 Al10 Al10 Al10 Al10
All BS All All All All
Al2 — BSO BSO Al2 Al2
Al3 — BS1 BS1 BSO BSO
Al4 — — — BS1 BS1
Al5 — — — — —
sSDCS cs cs cs Ccs Ccs
SDLUDQM | UDQM | UDQM | UDQM | UDQM | UDQM
SDLLDQM | LDOM [ LDQM | LDQM [ LDQM | LDQM
SDRAS RAS RAS RAS RAS RAS
SDCAS CAS CAS CAS CAS CAS
SDWE WE WE WE WE WE
SDCKE CKE CKE CKE CKE CKE
SDCLK CLK CLK CLK CLK CLK
SDACR 00: 00: 01: 01: 10:
<SMUXW> | TypeA [ TypeA | TypeB | TypeB | TypeC
: Command address pin of SDRAM
TMP92CF30
SDCLK » CLK
SDCKE » CKE
A13 »| BS1
Al2 » BSO
Al11-AQ [ee——] A11-AO
D15-D0 || D15-DO
SDRAS > E
SDCAS » CAS
SDWE » WE
SDCS » CS
SDLUDQM » UDQM
SDLLDQM » LDQM

Figure 3.10.10 An Example of Connections between TMP92CF30 and SDRAM

1 Mword x 4 banks x 16 bits
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3.10.3 An Example of Calculating HDMA Transfer Time

The following shows an example of calculating the HDMA transfer time when SDRAM is used
as the transfer source.

e  Transfer from SDRAM to internal SRAM

Conditions:
System clock (fsys) : 60 MHz
SDRAM read cycle : Full page (5-1-1-1), 16-bit data bus

16-bit data bus

SDRAM Auto Refresh interval: 936 states (15.6 ps)
Internal RAM write cycle 1 state, 32-bit data bus
Number of bytes to transfer : 512 bytes

Calculation example:
Transfer time = (SDRAM read time + SRAM write time) x transfer count
+ (SDRAM burst start + stop time)

+ (Precharge time + Auto Refresh time) x Auto Refresh count

(a) Read/write time
(SDRAM read 1 state x 2 + Internal RAM write 1 state) x 512 bytes/4 bytes
= 384 states x 1/60 MHz
=6.4 us

(b) Burst start/stop time
Start (TRCD: 2CLK) 5 states + Stop 2 states
= Tstates/60 MHz
=0.117 us

(¢) Auto Refresh time

Based on the above (a), Auto Refresh occurs once or zero times in 384 states. It
is assumed that Auto Refresh occurs once here.

(Precharge (TRP: 2CLK) 2 states + AREF (TRC: 5CLK) 5 states) xAREF once
=7 states x 1/60 MHz
~0.117 ps

Total transfer time = (a) + (b) + (c)
— 6.4 s +0.117 ps + 0.117 s
=6.634 us
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3.10.4 Considerations for Using the SDRAMC

This section describes the points that must be taken into account when using the SDRAMC.

Please carefully read the following to ensure proper use of the SDRAMC.

1)

2)

3)

4)

5)

WAIT access

When SDRAM is used, the following restriction applies to memory access to other
than the SDRAM.

In the external WAIT pin input setting of the memory controller, the maximum
external WAIT period that can be set is limited to “Auto Refresh interval x 8190”.

Execution of the Self Refresh Entry, Initialization Sequence, or Precharge All command
before the HALT instruction

Execution of the commands issued by the SDRAMC (Self Refresh Entry,
Initialization Sequence, Precharge All) requires several states after the SDCMM
register is set.

Therefore, to execute the HALT instruction after one of these commands, be sure to
insert at least 10 bytes of NOP or other instructions.

Auto Refresh interval setting

When SDRAM is used, the system clock frequency must be set to satisfy the
minimum operation frequency and minimum Auto Refresh interval of the SDRAM to
be used.

In a system in which SDRAM is used and the clock is geared up and down, the Auto
Refresh interval must be set carefully.

Before changing the Auto Refresh interval, ensure that SDRCR<SRC> is set to “0” to
disable the Auto Refresh function.

Changing SFR settings

Before changing the settings of the SDACR<SPRE> and SDCISR registers, ensure
that the SDRAMC is disabled (SDACR<SMAC> =“0").

Disabling the SDRAMC
Set the following procedure, when disable the SDRAMC.

LD (SDCMM),0x02 ; Issue to All Bank Precharge
LOOP: LD  A,(SDCMM) ;  Read SDCMM
CP  A,0x00 ; Palling it until the All Bank Precharge command is finished
JP NZLOOP
LD (SDACR),0x00 ; Stop the SDRAM controller
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3.11 NAND Flash Controller (NDFC)

3.11.1 Features

The NAND Flash Controller (NDFC) is provided with dedicated pins for connecting with
NAND Flash memory.

The NDFC also has an ECC calculation function for error correction and supports two types
of ECC calculation methods. The ECC calculation method using Hamming codes can be used for
NAND Flash memory of SLC (Single Level Cell) type and is capable of detecting a single-bit
error for every 256 bytes. The ECC calculation method using Reed-Solomon codes can be used
for NAND Flash memory of MLC (Multi Level Cell) type and is capable of detecting four error
addresses for every 518 bytes.

Although the NDFC has two channels (channel 0, channel 1), all pins except for Chip Enable
are shared between the two channels. Only the operation of channel 0 is explained here.

The NDFC has the following features:
1) Controls the NAND Flash memory interface through registers.
2) Supports 8-bit and 16-bit NAND Flash memory devices.
3) Supports page sizes of 512 bytes and 2048 bytes.
4) Supports large-capacity block sizes over 256 Kbytes.
5) Includes an ECC generation circuit using Hamming codes (for SLC type).

6) Includes a 4-address (4-byte) error detection circuit using Reed-Solomon coding/
encoding techniques (for MLC type).

Note 1: The WP (Write Protect) pin of NAND Flash is not supported. If this function is needed, prepare it on an
external circuit.

Note 2: The two channels cannot be accessed simultaneously. It is necessary to switch between the two channels.
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3.11.2 Block Diagram
NAND Flash Controller Channel 0 (NDFCO)
Lt E R E R ERa R RS R RS R e R e ERA A ERA £ RA R RS R R R R ERA £ RA R RA R ERARA £ ERRERRAEERAEERRRAERaRArrnRErrnnEren .
ST Hamming —> ND CE* £ > {1 WNpoce
ﬁ ECC —> ND ALE
f_ Generator 4 ND CLE : NDCLE,
; 2\ A1 . ( : D L] NDALE,
— ND_RE : NDRE ,
: \ - —> ND WE* : NDWE,
< > Timing D15~ DO
g Generator <— ND RB* <
m i L
% RS ECC Write
% COWOI L] Reed-Solomon
g Register ECC
9 Generator :
c H
= —7 DATA_OUT[15:0] }—4 :
i <~ DATA_IN[15:0] N H <]_|:| D15~DO,
: F/F 80-bit : NDR/B
<:> Address Reed-Solomon :
o H
F Calculator
L H

Figure 3.11.1 Block Diagram for NAND Flash Controller
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3.11.3 Operation Description

3.11.3.1 Accessing NAND Flash Memory

The NDFC accesses data on NAND Flash memory indirectly through its internal
registers. This section explains the operations for accessing the NAND Flash.

Since no dedicated sequencer is provided for generating commands to the NAND Flash,
the levels of the NDCLE, NDALE, and NDCE pins must be controlled by software.

NDCLE ,

g
g

Z
O
>
[
m

NDR/B

:

NDFMCRO<CLE> = “1" NDFMCRO<CLE> =*“0" NDOFMCR<ALE> =*0"
NDFMCRO<ALE> =“1"

NDFMCRO<CEO> = “1”

Figure3.11.2 Basic Timing for Accessing NAND Flash
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The NDRE and NDWE signals are explained next. Write and read operations to and from
the NAND Flash are performed through the NDOFDTR register. The actual write operation
completes not when the NDOFDTR register is written to but when the data is written to the
external NAND Flash. Likewise, the actual read operation completes not when the
NDOFDTR register is read but when the data is read from the external NAND Flash.

At this time, the Low and High widths of NDRE and NDWE can be adjusted according to
the CPU operating speed (fsys) and the access time of the NAND Flash. (For details, refer to
the electrical characteristics.)

The following shows an example of accessing the NAND Flash in 6 clocks by setting
NDFMCRO<SPLW1:0>=2 and NDFMCRO<SPHW1:0>=2. (In write cycles, the data drive

time also becomes longer.)

fsvs

A23~A0
Cs2

RD

Program Memory Read (1wait)

NAND Flash Read

Program Memory

>«

Read (1 wait)

>

/)

>t

WA WA

R W WA WA WA WA

(

AF1234H

(

001FFOH

FF1238H

X

SRWR
NDCLE
NDALE

NDCE

NDRE

NDWE
NDR/B

D15 ~ DO

fsvs

A23~A0

CS2
RD

SRWR
NDCLE

NDALE

NDCE

A

= 2ckk

2tlk

Program Memory Read (1 wait)

/)

<IN (Program)

»---f---- < IN (NAND Flash)

A ---- (IN (Program)  »----

NAND Flash Write

Program Memory Read (1 wait)

AR NYAR WA

> <
> <

AR WVAR CVAn U/ VA U WA WA

WA NYA

(

FF1234H

(

001FFOH

FF1238

H X

A 4

A

2clk

NDRE

NDWE
NDR/B

D15 ~ DO

»
»

tlk /

"IN (Program) - << ouT

(NAND Flash)

Figure3.11.3 Read/Write Access to NAND Flash

b - - - -  IN (Proaram) »----
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3.11.4 ECC Control

NAND Flash memory devices may inherently include error bits. It is therefore necessary to
implement the error correction processing using ECC (Error Correction Code).

Figure3.11.4 shows a basic flowchart for ECC control.

[ Data Write ] [ Data Read ]

] '

Valid data write to Valid data read from
NAND Flash NAND Flash

1
! Valid data write to ! Valid data write to
! ECC generator ! ECC generator

v v
ECC read ECC read from
from ECC generator NAND Flash
Write ECC to ECC read from
NAND Flash ECC circuit

Yes .
Error correction

process

Is there error ?

Figure3.11.4 Basic Flow of ECC Control

Write:
1. When data is written to the actual NAND Flash memory, the ECC generator in
the NDFC simultaneously generates ECC for the written data.

2. The ECC is written to the redundant area in the NAND Flash separately from
the valid data.

Read:

1. When data is read from the actual NAND Flash memory, the ECC generator in
the NDFC simultaneously generates ECC for the read data.

2. The ECC for the written data and the ECC for the read data are compared to
detect and correct error bits.
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3.11.4.1 Differences between Hamming Codes and Reed-Solomon Codes

The NDFC includes an ECC generator supporting NAND Flash memory devices of SLC
(or 2LC: two states) type and MLC (or 4LC: four states) type.

The ECC calculation using Hamming codes (supporting SLC) generates 22 bits of ECC
for every 256 bytes of valid data and is capable of detecting and correcting a single-bit error
for every 256 bytes. Error bit detection calculation and correction must be implemented by
software. When using SmartMedia™, Hamming codes should be used.

The ECC calculation using Reed-Solomon codes (supporting MLC) generates 80 bits of
ECC for every 1 byte to 518 bytes of valid data and is capable of detecting and correcting
error bits at four addresses for every 518 bytes. When using Reed-Solomon codes, error bit
detection calculation is supported by hardware and only error bit correction needs to be
implemented by software.

The differences between Hamming codes and Reed-Solomon codes are summarized in
Table 3.11.1.

Table 3.11.1 Differences between Hamming Codes and Reed-Solomon Codes

Hamming Reed-Solomon
Maximum number of 1 bit 4 addresses
correctable errors (All the 8 bits at one address are correctable.)
Number of ECC bits 22 hits/256 bytes 80 bits/up to 518 bytes
Error bit detection Software Hardware
method
Error bit correction Software Software
method
Error bit detection time Depends on the software to be used. See the table below.
Others Supports SmartMedia™. —
Reed-Solomon Error Bit
Number of . .
Detection Time Notes
Error Bits .
(Unit: Clocks)
4 813 (max)
3 648 (max) These values indicate the total number of clocks for
2 358 (max) Qetecting error bit(s) not including the register read/write
1 219 (max) time by the CPU.
0 1
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3.11.4.2 Error Correction Methods
Hamming ECC

1)

2)
3)

4)

5)

6)

e The ECC generator generates 44 bits of ECC for a page containing 512 bytes
of valid data. The error correction process must be performed in units of 256
bytes (22 bits of ECC). The following explains how to implement error
correction on 256 bytes of valid data using 22 bits of ECC.

e Ifthe NAND Flash to be used has a large-capacity page size (e.g. 2048 bytes),
the error correction process must be repeated several times to cover the entire

page.

The calculated ECC and the ECC in the redundant area are rearranged, respectively,
so that the lower 2 bytes represent line parity (LPR15:0) and the upper 1 byte (of which
the upper 6 bits are valid) represents column parity (CPR7:2).

The two rearranged ECCs are XORed.

If the XOR result is 0 indicating an ECC match, the error correction process ends
normally (no error). If the XOR result is other than 0, it is checked whether or not the
error data can be corrected.

If the XOR result contains only one ON bit, it is determined that a single-bit error
exists in the ECC data itself and the error correction process terminates here (error not
correctable).

If each pair of bits 0 to 21 of the XOR result is either 01B or 10B, it is determined that
the error data is correctable and error correction is performed accordingly. If the XOR
result contains either 00B or 11B, it is determined that the error data is not correctable
and the error correction process terminates here.

An Example of Correctable | An Example of Uncorrectable
XOR Result XOR Result
Binary 1001 10| 00 Column parity 00 Column parity
101001 10| Line parity 101001 10| Line parity
01011010 01011010

The line and bit positions of the error are detected using the line parity and column
parity of the XOR result, respectively. The error bit thus detected is then inverted. This
completes the error correction process.

Example: When the XOR result is 1001101010011001011010

Convert two bytes of line parity into one byte (10—1, 01—0).

Convert six bits of column parity into three bits (10—1, 01—0).

Line parity: 1010011001 011010

334033330140
1101001 1=D3H *Error at D3/FF H

Column parity: 1001 10
431

1 01=5 *Error in bit 5

Based on the above, error correction is performed by inverting the data in bit 5
at address 212.
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Reed-Solomon ECC

e The ECC generator generates 80 bits of ECC for up to 518 bytes of valid data.
If the NAND Flash to be used has a large-capacity page size (e.g. 2048 bytes),
the error correction process must be repeated several times to cover the entire
page.

e Basically no calculation is needed for error correction. If error detection is
performed properly, the NDFC only needs to refer to the error address and
error bit. However, it may be necessary to convert the error address, as
explained below.

1) If the error address indicated by the NDRSCAn register is in the range of 000H to
007H, this error exists in the ECC area and no correction is needed in this case.

(It is not able to correct the error in the ECC area. However, if the error exists in the
ECC area, only 4symbol (include the error in the ECC area) can correct the error to this
LSI. Please be careful.)

2) If the error address indicated by the NDRSCAn register is in the range of 008H to
20DH, the actual error address is obtained by subtracting this address from 20 DH.

(If the valid data is processed as 512 byte, the actual error address is obtained by
subtracting this address from 207H when the error address in the range of 008H to
207H.)

Example 1:
NDRSCAn = 005H, NDRSCDn = 04H = 00000100B

As the error address (005H) is in the range of 000H to 007H, no correction is
needed.

(Although an error exists in bit 2, no correction is needed.)

Example 2:
NDRSCAn = 083H, NDRSCDn = 81H = 10000001B

The actual error address is obtained by subtracting 083H from 20DH. Thus, the
error correction process inverts the data in bits 7 and 0 at address 18AH.

(If the valid data is 512 byte, the actual error address is obtained by subtracting
083H from 207H. Thus, the error correction process inverts the data in bits 7 and
0 at address 184H.)

Note: If the error address (after converted) is in the range of 000H to 007H, it indicates that an error bit exists in
redundant area (ECC). In this case, no error correction is needed. If the number of error bits is not more than

4 symbols, Reed-Solomon codes calculate each error bit precisely even if it is the redundant area (ECC).
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3.11.5 Description of Registers
NAND Flash Control 0 Register
7 6 5 4 3 2 1 0
NDFMCRO bit Symbol WE ALE CLE CEO CEl ECCE BUSY ECCRST
(08COH) Read/Write R/W R W
Reset State 0 0 0 0 0 0 0 0
A Function WE ALE CLE CEO CEL ECC NAND ECC
read-modify enable control control control control circuit Flash reset
-write 0: Disable [0:"L"out |0:"L"out |q-«y”out |0:“H”out |cONtrol state control
operation 1:Enable |1:*H"out |1:*H"out |q.«»qout [1:“7out |O: Disable |1:Busy 0: -
cannot be 1: Enable |0: Ready |1:Reset
performed *Always
read as
“0".
15 14 13 12 11 10 9 8
(08C1H) bit Symbol SPLW1 SPLWO SPHW1 SPHWO RSECCL RSEDN RSESTA | RSECGW
Read/Write R/W W R/W
A Reset State o | o o | o 0 0 0 0
read-modify- | Function Strobe pulse width Strobe pulse width Reed- Reed- Reed- Reed-
‘;V;Zfaﬂon (Low width of NDRE | (High width of NDRE | E‘é'gmon Solomon | Solomon E‘é'gmon
operatlon error
cannot be NDWE) NDWE) latch 0: Encode | calculation | generator
performed _ _ (Write) start write
Inserted width Inserted width 0: Disable |1: Decode |0: - control
= (fsvs) x (setvalue) | = (fsys) x (setvalue) | 1. gnaple |(Read) 1: Start 0: Disable
*Always 1: Enable
read as
“0".
Figure3.11.5 NAND Flash Mode Control O Register
(a) <ECCRST >
The <ECCRST> bit is used for both Hamming and Reed-Solomon codes.
When NDFMCR1<ECCS>=“0", setting this bit to “1” clears the Hamming ECC in the
ECC generator. When NDFMCR1<ECCS>=“1", setting this bit to “1” clears the
Reed-Solomon ECC. Note that this bit is ineffective when NDFMCRO<ECCE>=“0". Before
writing to this bit, ensure that NDFMCRO<ECCE>=“1".
(b) <BUSY>
The <BUSY> bit is used for both Hamming and Reed-Solomon codes.
This bit is used to check the state of the NAND Flash memory (NDR/B pin). It is set to “1”
when the NAND Flash is “busy” and to “0” when it is “ready”.
Since the NDFC incorporates a noise filter of several states, a change in the NDR/B pin
state is reflected on the <BUSY> flag after some delay. It is therefore necessary to inert a
delay time by software (e.g. ten NOP instructions) before checking this flag.
Read Delay )
command  Address input time ) Sensing <BUSY> flag R
0
NDWE pin L /U U. :
NDCLE pin | \ 1 !
NDALE pin [ Vo :
\V 1
NDR/B pin \ :
\'ﬂ 1
<BUSY> flag [ ¢
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() <ECCE>
The <ECCE> bit is used for both Hamming and Reed-Solomon codes.

This bit is used to enable or disable the ECC generator. To reset the ECC in the ECC
generator (to set <ECCRST> to “17), the ECC generator must be enabled (<KECCE> = “17).

(d) <CE1:0>, <CLE>, <ALE>

The <CE1:0>, <CLE>, and <ALE> bits are used for both Hamming and Reed-Solomon
codes to control the pins of the NAND Flash memory.

(e) <WE>

The <WE> bit is used for both Hamming and Reed-Solomon codes to enable or disable
write operations.

(f) <RSECGW>

The <RSECGW> bit is used only for Reed-Solomon codes. When Hamming codes are used,
this bit should be set to “0”.

Since valid data and ECC are processed differently, the NDFC needs to know whether
valid data or ECC is to be read. This control is implemented by software using this bit.

To read valid data from the NAND Flash, set <KRSECGW> to “0”. To read ECC written in
the redundant area in the NAND Flash, set <RSECGW> to “1”.

Note 1:Valid data and ECC cannot be read continuously by DMA transfer. After valid data has been read, DMA
transfer should be stopped once to change the <RSECGW> bit from “0” to “1” before ECC can be read.

Note 2: Immediately after ECC is read from the NAND Flash, the NAND Flash access operation or error bit
calculation cannot be performed for a duration of 20 system clocks (fsys). It is necessary to insert 20 NOP
instructions or the like.

(g <RSESTA>
The <RSESTA> bit is used only for Reed-Solomon codes.
The error address and error bit position are calculated using an intermediate code

generated from the ECC for written data and the ECC for read data. Setting <RSESTA> to
“1” starts this calculation.

(h) <RSEDN>

The <RSEDN> bit is used only for Reed-Solomon codes. When using Hamming codes, this
bit should be set to “0”.

For a write operation, this bit should be set to “0” (encode) to generate ECC. The ECC
read from the NDECCRDn register is written to the redundant area in the NAND Flash.
For a read operation, this bit should be set to “1” (decode). In this case, valid data is read
from the NAND Flash and the ECC written in the redundant area is also read to generate
an intermediate code for calculating the error address and error bit position.
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(1) <RSECCL>

The <RSECCL> bit is used only for Reed-Solomon codes. When using Hamming codes,
this bit should be set to “0”.

The Reed-Solomon processing unit is comprised of two elements: an ECC generator and
an ECC calculator. The latter is used to calculate the error address and error bit position.

The error address and error bit position are calculated using an intermediate code
generated from the ECC for written data and the ECC for read data. At this time, no special
care is needed if ECC generation and error calculation are performed serially. If these
operations need to be performed parallely, the intermediate code used for error calculation
must be latched while the calculation is being performed. The <RSECCL> bit is provided to
enable this latch operation.

When <RSECCL> is set to “1”, the intermediate code is latched so that the ECC
generator can generate the ECC for another page without problem while the ECC
calculator is calculating the error address and error bit position. At this time, the ECC
generator can perform both encode (write) and decode (read) operations.

When <RSECCL> is set to “0”, the latch is released and the contents of the ECC
calculator are updated as the data in the ECC generator is updated.

Reed-Solomon

ECC
Generator
NDECCRDnN
Register
Flow of data
<RSECCL>= “1” Latch_ON

<RSECCL>=“0" Latch_OFF
Reed-Solomon

ECC
Calculator

(G) <SPHW1:0>
The <SPHW1:0> bits are used for both Hamming and Reed-Solomon codes.

These bits are used to specify the High width of the NDRE and NDWE signals. The High
width to be inserted is obtained by multiplying the value set in these bits by fsvs.

(k) <SPLW1:0>
The <SPLW1:0> bits are used for both Hamming and Reed-Solomon codes.

These bits are used to specify the Low width of the NDRE and NDWE signals. The Low
width to be inserted is obtained by multiplying the value set in these bits by fsys.
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NAND Flash Control 1 Register

7 6 5 4 3 2 1 0
NDFMCR1 |bit Symbol INTERDY | INTRSC BUSW ECCS SYSCKE
(08C2H) Read/Write R/W R/W
Reset State 0 0 0 0 0
Function Ready Reed- Databus |ECC Clock
interrupt Solomon width calculation | control
calculation
0: Disable |end 0: 8-bit 0:Hamming | O: Disable
1: Enable |interrupt 1: 16-bit 1: Reed- 1: Enable
0: Disable Solomon
1: Enable
(08C3H) 15 14 13 12 11 10 9 8
bit Symbol STATE3 STATE2 STATE1 | STATEO SEER1 SEERO
Read/Write R
Reset State o | o | o | o |undefined|undefined
Function Status read (See the table below.)
Table3.11.2 Reed-Solomon Calculation Result Status Table
STATE<3:0> Meaning
0000 Calculation ended 0 (No error)
0001 Calculation ended 1(5 or more symbols in error; not correctable)
0010
Calculation ended 2 (Error found)
0011
0100~1111 Calculation in progress
Note: The <STATE3:0> value becomes effective after the calculation has started.
SEER<1:0> Meaning
00 1-address error
01 2-address error
10 3-address error
11 4-address error

Note: The <SEER1:0> value becomes effective after the calculation has ended.

(a) <SYSCKE>
The <SYSCKE> bit is used for both Hamming and Reed-Solomon codes.

When using the NDFC, this bit must be set to “1” to enable the system clock. When not
using the NDFC, power consumption can be reduced by setting this bit to “0”.

(b) <ECCS>

The <ECCS> bit is used to select whether to use Hamming codes or Reed-Solomon codes.
This bit is set to “0” for using Hamming codes and to “1” for using Reed-Solomon codes. It
is also necessary to set this bit for clearing ECC.

(e <BUSW>
The <BUSW> bit is used for both Hamming and Reed-Solomon codes.

This bit specifies the bus width of the NAND Flash to be accessed (“0” = 8 bits, “1” = 16
bits). No other setting is required in the memory controller.
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(d) <INTRSC>

The <INTRSC> bit is used only for Reed-Solomon codes. When using Hamming codes,
this bit should be set to “0”.

This bit is used to enable or disable the interrupt to be generated when the calculation of
error address and error bit position has ended.

The interrupt is enabled when this bit is set to “1” and disabled when “0”.

(e) <INTRDY>
The <INTRDY> bit is used for both Hamming and Reed-Solomon codes.

This bit is used to enable or disable the interrupt to be generated when the status of the
NDR/B pin of the NAND Flash changes from “busy” (0) to “ready” (1). The interrupt is
enabled when this bit is set to “1” and disabled when “0”.

(f) <STATE3:0>, <SEER1:0>

The <STATE3:0> and <SEER1:0> bits are used only for Reed-Solomon codes. When using
Hamming codes, they have no meaning.

These bits are used as flags to indicate the result of error address and error bit
calculation. For details, see Table3.11.2.
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NAND Flash Data Register 0

7 6 5 4 3 2 1 0
NDFDTRO | bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
(1FFOH) | Read/Write RIW
Reset State | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (7-0)
15 14 13 12 11 10 9 8
(1FF1H) bit Symbol D15 D14 D13 D12 D11 D10 D9 D8
Read/Write R/IW
Reset State | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (15-8)

NAND Flash Data Register 1

7 6 5 4 3 2 1 0
NDFDTR1 |bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
(1LFF2H) Read/Write R/W
Reset State [ Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (7-0)
15 14 13 12 11 10 9 8
(1FF3H) bit Symbol D15 D14 D13 D12 D11 D10 D9 D8
Read/Write R/IW
Reset State | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Function NAND Flash Data Register (15-8)

Note: Although these registers allow both read and write operations, no flip-flop is incorporated. Since write and read

operations are performed in different manners, it is not possible to read out the data that has been just written.

Figure3.11.6 NAND Flash Data Registers (NDFDTRO, NDFDTR1)

Write and read operations to and from the NAND Flash memory are performed by
accessing the NDFDTRO register. When you write to this register, the data is written to the
NAND Flash. When you read from this register, the data is read from the NAND Flash.
The NDFDTRO register is used for both channel 0 and channel 1.

A total of 4 bytes are provided as data registers to enable 4-byte DMA transfer. For
example, 4 bytes of data can be transferred from 32-bit internal RAM to 8-bit NAND Flash
memory by DMA operation by setting the destination address as NDFDTR0. NDFDTR1
cannot be set as the destination address.) The actual DMA operation is performed by first
reading 4 bytes from the internal RAM and then writing 1 byte to the NAND Flash four
times from the lowest address.

To access data in the NAND Flash, be sure to access NDFDTRO (at address 1FF0). For
details, see Table3.11.3.
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Table3.11.3 How to Access the NAND Flash Data Register

Write

Access Data Size

Example of
instruction

8-bit NAND Flash

16-bit NAND Flash

1-byte access

Id (Ox1FF0),a Supported Not supported
2-byte access Id (OX1FF0),wa Supported Supported
4-byte access Id (OX1FFO),xwa Supported Supported
Read
. Example of . .
Access Data Size : - 8-bit NAND Flash 16-bit NAND Flash
instruction

1-byte access Id a,(0Ox1FFO) Supported Not supported

2-byte access Id wa,(0x1FF0) Supported Supported

4-byte access Id xwa,(0x1FF0) Supported Supported
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NAND Flash ECC Register 0

7 6 5 4 3 2 1 0
NDECCRDO | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C4H) Read/Write R
Reset State o | o [ o | o [ o [ o | o [ o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C5H) bit Symbol ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCD8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 1

7 6 5 4 3 2 1 0
NDECCRDL1 |bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C6H) Read/Write R
Reset State o | o | o | o [ o [ o ] o [ o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C7H) bit Symbol ECCD15 ECCD14 ECCD13 ECCD12 ECCD11 ECCD10 ECCD9 ECCDS8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 2

7 6 5 4 3 2 1 0
NDECCRD?2 | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08C8H) Read/Write R
Reset State o | o [ o | o [ o [ o | o [ o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08C9H) bit Symbol ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCD8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash ECC Register (15-8)

NAND Flash ECC Register 3

7 6 5 4 3 2 1 0
NDECCRD3 | bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08CAH) Read/Write R
Reset State o | o | o | o [ o | o ] o | o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08CBH) bit Symbol ECCD15 ECCD14 ECCD13 | ECCDI12 ECCD11 ECCD10 ECCD9 ECCDS8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash ECC Register (15-8)
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NAND Flash ECC Register 4
7 6 5 4 3 2 1 0
NDECCRD4 |bit Symbol ECCD7 ECCD6 ECCD5 ECCD4 ECCD3 ECCD2 ECCD1 ECCDO
(08CCH) Read/Write R
Reset State o | o o | o | o | o o | o
Function NAND Flash ECC Register (7-0)
15 14 13 12 11 10 9 8
(08CDH) bit Symbol ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 ECCDS8
Read/Write R
Reset State o | o o | o [ o | o o | o
Function NAND Flash ECC Register (15-8)

Figure3.11.7 NAND Flash ECC Registers

The NAND Flash ECC register is used to read ECC generated by the ECC generator.

After valid data has been written to or read from the NAND Flash, setting
NDFMCRO<ECCE> to “0” causes the corresponding ECC to be set in this register. (The
ECC in this register is updated when NDFMCRO<ECCE> changes from “1” to “0”.)

When Hamming codes are used, 22 bits of ECC are generated for up to 256 bytes of valid
data. In the case of Reed-Solomon codes, 80 bits of ECC are generated for up to 518 bytes of
valid data. A total of 80 bits of registers are provided, arranged as five 16-bit registers.
These registers must be read in 16-bit units and cannot be accessed in 32-bit units.

After ECC calculation has completed, in the case of Hamming codes, the 16-bit line
parity for the first 256 bytes is stored in the NDECCRDO register, the 6-bit column parity
for the first 256 bytes in the NDECCRD1 register (KECCE7:2>), the 16-bit line parity for
the second 256 bytes in the NDECCRD2 register, and the 6-bit column parity for the second
256 bytes in the NDECCRDS3 register (<KECCD7:2>). In this case, the NDECCRD4 register

is not used.

In the case of Reed-Solomon codes, 80 bits of ECC are stored in the NDECCRDO,
NDECCRD1, NDECCRD2, NDECCRD3 and NDECCRD4 registers.

Note: Before reading ECC from the NAND Flash ECC register, be sure to set NDFMCRO<ECCE> to “0”. The ECC in
the NAND Flash ECC register is updated when NDFMCRO<ECCE> changes from “1” to “0". Also note that
when the ECC in the ECC generator is reset by NDFMCRO<ECCRST>, the contents of this register are not

reset.

Register Hamming Reed-Solomon
Name

NDECCRDO [15:0] Line parity [15:0]
(for the first 256 bytes) Reed-Solomon ECC code 79:64

NDECCRD1 [7:2] Column parity [15:0]
(for the first 256 bytes) Reed-Solomon ECC code 63:48

NDECCRD2 [15:0] Line parity [15:0]
(for the second 256 bytes) Reed-Solomon ECC code 47:32

NDECCRD3 [7:2] Column parity [15:0]
(for the second 256 bytes) Reed-Solomon ECC code 31:16

NDECCRD4 Not in use [15:0]
Reed-Solomon ECC code 15:0
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The table below shows an example of how ECC is written to the redundant area in the
NAND Flash memory when using Reed-Solomon codes.

When using Hamming codes with SmartMedia™, the addresses of the redundant area
are specified by the physical format of SmartMedia™. For details, refer to the
SmartMedia™ Physical Format Specifications.

Register Reed-Solomon NAND Flash Address
Name

NDECCRDO [15:0] Upper 8 bits [79:72]— address 518
Reed-Solomon ECC code 79:64 Lower 8 bits [71:64] — address 519

NDECCRD1 [15:0] Upper 8 bits [63:56] — address 520
Reed-Solomon ECC code 63:48 Upper 8 bits [55:48] — address 521

NDECCRD2 [15:0] Upper 8 bits [47:40] — address 522
Reed-Solomon ECC code 47:32 Lower 8 bits [39:32] — address 523

NDECCRD3 [15:0] Upper 8 bits [31:24] — address 524
Reed-Solomon ECC code 31:16 Lower 8 bits [23:16] — address 525

NDECCRD4 [15:0] Upper 8 bits [15:8] — address 526
Reed-Solomon ECC code 15:0 Lower 8 bits [7:0] —» address 527
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NAND Flash Reed-Solomon Calculation Result Address Register
7 6 5 4 3 2 1 0
NDRSCAQO | bit Symbol RS0A7 RS0A6 RS0A5 RS0A4 RS0A3 RS0A2 RSO0A1 RSOAO0
(08DOH) | Read/Write R
Reset State o | o [ o | o | o | o [ o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D1H) |bit Symbol RSOA9 RS0A8
Read/Write R
Reset State 0 | 0
Function NAND Flash
Reed-Solomon
Calculation Result
Address Register (9-8)
7 6 5 4 3 2 1 0
NDRSCAL1 | bit Symbol RS1A7 RS1A6 RS1A5 RS1A4 RS1A3 RS1A2 RS1A1 RS1A0
(08D4H) | Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D5H) | bit Symbol RS1A9 RS1A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
7 6 5 4 3 2 1 0
NDRSCAZ2 | bit Symbol RS2A7 RS2A6 RS2A5 RS2A4 RS2A3 RS2A2 RS2A1 RS2A0
(08D8H) | Read/Write R
Reset State o | o [ o | o | o | o [ o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08D9H) | bit Symbol RS2A9 RS2A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
7 6 5 4 3 2 1 0
NDRSCAS3 | bit Symbol RS3A7 RS3A6 RS3A5 RS3A4 RS3A3 RS3A2 RS3A1 RS3A0
(08DCH) | Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
15 14 13 12 11 10 9 8
(08DDH) | bit Symbol RS3A9 RS3A8
Read/Write R
Reset State 0 | 0
Function NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)

Figure3.11.8 NAND Flash Reed-Solomon Calculation Result Address Register
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If error is found at only one address, the error address is stored in the NDRSCAO register.
If error is found at two addresses, the NDRSCAO and NDRSCA1 registers are used to store
the error addresses. In this manner, up to four error addresses can be stored in the
NDRSCAO to NDRSCAS registers.

The number of error addresses can be checked by NDFMCR1<SEER1:0>.

NAND Flash Reed-Solomon Calculation Result Data Register

7 6 5 4 3 2 1 0
NDRSCDO | bit Symbol RS0OD7 RS0D6 RS0D5 RS0D4 RS0D3 RS0D2 RSOD1 RS0DO
(08D2H) Read/Write R
Reset State o | o [ o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD1 | bit Symbol RS1D7 RS1D6 RS1D5 RS1D4 RS1D3 RS1D2 RS1D1 RS1D0
(08D6H) Read/Write R
Reset State o | o [ o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD2 | bit Symbol RS2D7 RS2D6 RS2D5 RS2D4 RS2D3 RS2D2 RS2D1 RS2DO0
(0O8DAH) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
7 6 5 4 3 2 1 0
NDRSCD3 | bit Symbol RS3D7 RS3D6 RS3D5 RS3D4 RS3D3 RS3D2 RS3D1 RS3DO0
(0O8DEH) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function NAND Flash Reed-Solomon Calculation Result Data Register (7-0)

Figure3.11.9 NAND Flash Reed-Solomon Calculation Result Data Register

If error is found at only one address, the error data is stored in the NDRSCDO register. If
error is found at two addresses, the NDRSCDO and NDRSCD1 registers are used to store
the error data. In this manner, the error data at up to four addresses can be stored in the
NDRSCDO to NDRSCD3 registers.

The number of error addresses can be checked by NDFMCR1<SEER1:0>.
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3.11.6 An Example of Accessing NAND Flash of SLC Type

1. Initialization

K

; ¥*%%% Initialize NDFC *#*%*

; Conditions: 8-bit bus, CEO0, SLC, 512 (528) bytes/page, Hamming codes

1d
1d
2.  Write

Writing valid data

(ndfmer1),0001h
(ndfmcr0),2000h

; ¥¥%%E% Write valid data*****

ldw
ldw
1d
ldw
1d
ldw
1d

(ndfmer0),2010h

(ndfmcr0),20BOh

(ndfdtr0),80h

(ndfmcr0),20D0h

(ndfdtr0),xxh
(ndfmcr0),2095h
(ndfdtr0),xxh

Generating ECC — Reading ECC
; *kkkk Read ECC *kdkhk

K

ldw

1dw

1ldw

ldw

ldw

(ndfmcr0),2010h

xxxx,(ndeccrd0)
1’st Read:

xxxx,(ndeccrdl)

2'nd Read:
xxxx,(ndeccrd0)

3’rd Read:

xxxx,(ndeccrdl)
4’th Read:

Writing ECC to NAND Flash
; ¥**EE Write dummy data & ECC*****

ldw
1d

; 8-bit bus, Hamming ECC, SYSCK-ON

; SPLW1:0=0, SPHW1:0=2

; CEO enable

; WE enable, CLE enable
; Serial input command

; ALE enable

; Address write (3 or 4 times)
; Reset ECC, ECCE enable, CEO enable

; Data write (512 times)

; ECC circuit disable

; Read ECC from internal circuit

D15-0 > LPR15:0

For first 256 bytes

; Read ECC from internal circuit

D15-0 > FFh+CPR5:0+11b For first 256 bytes
; Read ECC from internal circuit

D15-0 > LPR15:0

For second 256 bytes

; Read ECC from internal circuit
D15-0 > FFh+CPR5:0+11b For second 256 bytes

(ndfmcr0),2090h ; ECC circuit disable, data write mode

(ndfdtr0),xxh

Write to D520:
Write to D521:
Write to D522:
Write to D525:
Write to D526:
Write to D527:

; Redundancy area data write (16 times)

LPRT7:0 >D7-0
LPR15:8 >D7-0
CPR5:0+11b >D7-0
LPR7:0 >D7-0
LPR15:8 >D7-0

CPR5:0+11b >D7-0

For second 256 bytes
For second 256 bytes
For second 256 bytes
For first 256 bytes
For first 256 bytes
For first 256 bytes
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Executing page program

; ¥*¥** Set auto page program

’

*hkkk

ldw (ndfmcr0),20BOh ; WE enable, CLE enable
1d (ndfdtr0),10h ; Auto page program command
1dw (ndfmecr0),2010h ; WE disable, CLE disable

Wait setup time (from Busy to Ready)
1. Flag polling
2. Interrupt

Reading status
j wwik Read Status*

’

ldw (ndfmcr0),20BOh ; WE enable, CLE enable

1d (ndfdtr0),70h ; Status read command
ldw (ndfmcr0),2010h ; WE disable, CLE disable
1d xx,(ndfdtr0) ; Status read

92CF30-228 2009-06-12



TOSHIBA

TMP92CF30

Read

Reading valid data
; ¥*¥%*%* Read valid data*****

Idw
ldw
1d
ldw
1d

(ndfmcr0),2010h

; CEO enable

(ndfmcr0),20BOh ; WE enable, CLE enable

(ndfdtr0),00h

; Read command

(ndfmcr0),20D0h ; ALE enable

(ndfdtr0),xxh

; Address write (3 or 4 times)

; Wait setup time (from Busy to Ready)

ldw
1d
ldw
1d
1d
1d
1d

1. Flag polling
2. Interrupt

(ndfmcr0),2015h
xx,(ndfdtr0)
(ndfmer0),2010h
xx,(ndfdtr0)
xx,(ndfdtr0)
xx,(ndfdtr0)
xx,(ndfdtr0)

Generating ECC — Reading ECC
; *kdkk Read ECC dkdkk

’

1ldw

ldw

ldw

ldw

ldw

(ndfmcr0),2010h

xxxx,(ndeccrd0)

1’st Read:

xxxx,(ndeccrdl)
2'nd Read:

xxxx,(ndeccrd0)

3’rd Read:
xxxx,(ndeccrdl)

4’th Read:

Software processing

The ECC data generated for the read operation and the ECC in the
redundant area in the NAND Flash are compared. If any error is found, the

; Reset ECC, ECCE enable, CEO enable
; Data read (512 times)

; ECC circuit disable

; Redundancy data read (8 times)

; ECC data read (3 times)

; Redundancy data read (2 times)

; ECC data read (3 times)

; ECC circuit disable
; Read ECC from internal circuit
D15-0 > LPR15:0 For first 256 bytes

; Read ECC from internal circuit
D15-0 > FFh+CPR5:0+11b For first 256 bytes

; Read ECC from internal circuit

D15-0 > LPR15:0 For second 256 bytes
; Read ECC from internal circuit

D15-0 > FFh+CPR5:0+11b For second 256 bytes

error processing routine is performed to correct the error data. For details,
see 3.11.4.2 “Error Correction Methods”.
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4. ID Read

The ID read routine is as follows:

ldw
1d
ldw
1d
ldw
1d
1d

(ndfmcr0),20BOh ; WE Enable, CLE enable
(ndfdtr0),90h ; Write ID read command
(ndfmcr0),20D0h ; ALE enable, CLE disable
(ndfdtr0),00h ; Write 00
(ndfmecr0),2010h ; WE disable, CLE disable
xx,(ndfdtr0) ; Read 1'st ID maker code
xx,(ndfdtr0) ; Read 2'nd ID device code
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3.11.7 An Example of Accessing NAND Flash of MLC Type (When the valid data is processed
as 518byte)
1. Initialization

; ¥x%EE Ipitialize NDFC *#%%*
; Conditions: 16-bit bus, CE1, MLC, 2048 (2112) bytes/page, Reed-Solomon codes
1d (ndfmer1),0007h ; 16-bit bus, Reed-Solomon ECC, SYSCK-ON
1d (ndfmcr0),5000h ; SPLW1:0=1, SPHW1:0=1
2. Write

Writing valid data
; ¥xxEE Write valid data*****
ldw (ndfmcr0),5008h ; CE1 enable
ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0080h ; serial input command
1ldw (ndfmecr0),50C8h ; ALE enable
ldw (ndfdtr0),00xxh ; Address write (4 or 5 times)
ldw (ndfmcr0),508Dh ; Reset ECC code, ECCE enable
ldw (ndfdtr0),xxxxh ; Data write (259-times/:518byte)
(256-times/512byte)

Generating ECC — Reading ECC
; fkkkk Read ECC Fkkkk
ldw (ndfmcr0),5008h ; ECC circuit disable
ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0080h ; serial input command
ldw (ndfmcr0),50C8h ; ALE enable
ldw (ndfdtr0),00xxh ; Address write (4 or 5 times)

ldw xxxx,(ndeccrd0) ; Read ECC from internal circuit
; Read: D79-64

ldw xxxx,(ndeccrdl) ; Read ECC from internal circuit
; Read: D63-48

ldw xxxx,(ndeccrd2) ; Read ECC from internal circuit
; Read: D47-32

ldw xxxx,(ndeccrd3) ; Read ECC from internal circuit
; Read: D31-16

ldw xxxx,(ndeccrd4) ; Read ECC from internal circuit
; Read: D15-0
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Writing ECC to NAND Flash
; ¥*EF% Write dummy data & ECC *****

1dw (ndfmcr0),5088h ; ECC circuit disable, data write mode

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 207-206hex address: >D79-64

ldw (ndfdtr1l),xxxxh ; Redundancy area data write
; Write to 209-208hex address: >D63-48

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 20B-20Ahex address: >D47-32

ldw (ndfdtr1l),xxxxh ; Redundancy area data write
; Write to 20D-20Chex address: >D31-16

ldw (ndfdtr0),xxxxh ; Redundancy area data write
; Write to 20F-20Ehex address: >D15-0

; The write operation is repeated four times to write 2112 bytes.

Executing page program
; ¥*¥F*% Set auto page program®*****
ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0010h ; Auto page program command

ldw (ndfmcr0),5008h ; WE disable, CLE disable

; Wait set up time (from Busy to Ready)
; 1. Flag polling
; 2. Interrupt

Note: In case of LB type NANDF, programming page size is normally each 2112 bytes and ECC calculation is

processed each 518 (512) bytes. Please take care of programming flow. In details, refer the NANDF memory

specifications.

Reading status

; ¥*%*% Read status*****

ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0070h ; Status read command
ldw (ndfmcr0),5008h ; WE disable, CLE disable
ldw xxxx,(ndfdtr0) ; Status read
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3. Read (including ECC data read)

Reading valid data
; #¥¥%*%* Read valid data*****

K

ki
’

’

ldw (ndfmcr0),5008h ; CE1 enable

ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0000h ; Read command 1

1ldw (ndfmcr0),50C8h ; ALE enable

ldw (ndfdtr0),00xxh ; Address write (4 or 5 times)
ldw (ndfmcr0),50A8h ; WE enable, CLE enable
ldw (ndfdtr0),0030h ; Read command 2

Wait set up time (from Busy to Ready)
1. Flag polling
2. Interrupt

ldw (ndfmcr0),540Dh ; ECC reset, ECC circuit enable, decode mode

ldw xxxx,(ndfdtr0)  ; Data read (259 times: 518 bytes)
(256-times:512 byte)

ldw (ndfmcr0),550Ch ; RSECGW enable

1dw xxxx,(ndfdtr0) ; Read ECC (5 times: 80 bits)

Wait set up time (20 system clocks)

(1) Error bit calculation

ldw (ndfmcr1),0047h ; Error bit calculation interrupt enable
ldw (ndfmcr0),560Ch ; Error bit calculation circuit start

Wait set up time

Interrupt routine (End of calculation for Reed-Solomon Error bit)
ldw xxxx,(ndfmerl)  ; Check error status "STATE3:0, SEER1:0”

If error is found, the error processing routine is performed to
correct the error data. For details see 3.11.4.2 “Error Correction
Methods”.

The read operation is repeated four times to read 2112 bytes.
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4. ID Read

The ID read routine is as follows:

1dw
ldw
ldw
ldw
ldw
ldw
Idw

(ndfmcr0),50A8h ; WE enable, CLE enable
(ndfdtr0),0090h ; Write ID read command
(ndfmcr0),50C8h ; ALE enable, CLE disable
(ndfdtr0),0000h ; Write 00
(ndfmecr0),5008h ; WE disable, CLE disable
xxxx,(ndfdtr0)  ; Read 1'st ID maker code
xxxx,(ndfdtr1) ; Read 2'ndID device code
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3.11.8 An Example of Connections with NAND Flash

TMP92CF30
gg 100k NAND-Flash-0 NAND-Flash-1
NDCLE CLE » CLE
NDALE ALE »| ALE
NDRE RE > RE_
NDWE WE »| WE
2kQ
NDR/B |«—e R/B (open drain) R/B (open drain)
D[15:.0] 1/0[15:0] 1/0[7:0]
CE WP CE WP
NDOCE * A A A
NDICE

External circuits for Write-protect

Note 1: A reset sets the NDRE and NDWE pins as input ports, so pull-up resistors are needed.
Note 2: The pull-up resistor value for the NDR/B pin must be set appropriately according to the NAND Flash memory
to be used and the capacity of the board (typical: 2 k).

Note 3: The wp (Write Protect) pin of NAND Flash is not supported. When this function is needed, prepare it on an
external circuit.

Figure3.11.10 An Example of Connections with NAND Flash
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3.12 8 Bit Timer (TMRA)

The TMP92CF30 features 8 channel built-in 8-bit timers (TMRAO to TMRA?7).
These timers are paired into 4 modules: TMRAO1, TMRA23, TMRA45 and TMRAG67. Each

module consists of 2 channels and can operate in any of the following 4 operating modes.

8-bit interval timer mode

16-bit interval timer mode

8-bit programmable square wave pulse generation output mode (PPG: Variable duty cycle

with variable period)
8-bit pulse width modulation output mode (PWM — Variable duty cycle with constant

period)

Figure 3.12.1 to Figure 3.12.4 show block diagrams for TMRAO1 to TMRAG7.

Each channel consists of an 8-bit up counter, an 8-bit comparator and an 8-bit timer register.

In addition, a timer flip-flop and a prescaler are provided for each pair of channels.

The operation mode and timer flip-flops are controlled by a 5bytes registers SFRs

(Special-function registers).

Each of the 4 modules (TMRAO1 to TMRAG67) can be operated independently. All modules

The contents of this chapter are as follows.

Table 3.12.1 Registers and Pins for Each Module

operate in the same manner; hence only the operation of TMRAO1 is explained here.

Module
. TMRAO1 TMRA23 TMRA45 TMRAG7
Specification
Input pin for external TAOIN TA2IN Low-frequency clock | Low-frequency clock
External clock (Shared with PC1) (Shared with PC3) fs fs
pin Output pin for timer TALOUT TA70OUT
flip-flop (Shared with PM1) - - (Shared with PP3)
Timer run register TAO1RUN (1100H) TA23RUN (1108H) TA45RUN (1110H) TA67RUN (1118H)
Timer register TAOREG (1102H) TA2REG (110AH) TA4REG (1112H) TA6REG (111AH)
SFR TALREG (1103H) TA3REG (110BH) TASREG (1113H) TA7REG (111BH)
(Address) | Timer mode register TAOLMOD (1104H) | TA23MOD (110CH) | TA45MOD (1114H) | TA67MOD (111CH)

Timer flip-flop
control register

TALFFCR (1105H)

TA3FFCR (110DH)

TA7FFCR (111DH)

92CF30-236

2009-06-12



TMP92CF30

TOSHIBA

3.12.1 Block Diagram
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Figure 3.12.1 TMRAOL Block Diagram
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3.12.2 Operation of Each Circuit

®

Prescaler

A 9-bit prescaler generates the input clock to TMRAO1.The clock ¢TOTMR is
selected using the prescaler clock selection register SYSCRO<PRCK>.

The prescaler operation can be controlled using TAOIRUN<TAOPRUN> in the
timer control register. Setting <TAO1IPRUN> to “1” starts the count; setting
<TAO01PRUN> to “0” clears the prescaler to “0” and stops operation. Table 3.12.2
shows the various prescaler output clock resolutions.

(Although the prescaler and the timer counter can be started separately, the
timer counter’s operation depends on the prescaler’s input timing.)

Table 3.12.2 Prescaler Output Clock Resolution

Clock gear Prescaler of Timer counter input clock
selection clock gear Prescaler of TMRA
SYSCR1 SYSCRO TAXXMOD<TAXCLK1:0>

<GEAR2:0> <PRCK> 0T1(1/2) 0T4(1/8) $T16(1/32) $T256(1/512)
000(1/1) fc/8 fc/32 fc/128 fc/2048
001(1/2) fc/16 fc/64 fc/256 fc/4096
010(1/4) 0(1/2) fc/32 fc/128 fc/512 fc/8192
011(1/8) fc/64 fc/256 fc/1024 fc/16384

fo 100(1/16) 12 fc/128 fc/512 fc/2048 fc/32768

000(1/1) fc/32 fc/128 fc/512 fc/8192
001(1/2) fc/64 fc/256 fc/1024 fc/16384
010(1/4) 1(1/8) fc/128 fc/512 fc/2048 fc/32768
011(1/8) fc/256 fc/1024 fc/4096 fc/65536
100(1/16) fc/512 fc/2048 fc/8192 fc/131072
(2)  Up counters (UCO and UC1)

These are 8-bit binary counters which count up the input clock pulses for the
clock specified by TAOIMOD.

The input clock for UCO is selectable and can be either the external clock input
via the TAOIN pin or one of the three internal clocks ¢T1, $T4 or ¢T16. The clock
setting is specified by the value set in TAOIMOD<TAO01CLK1:0>.

The input clock for UC1 depends on the operation mode. In 16-bit timer mode,
the overflow output from UCO is used as the input clock. In any mode other than
16-bit timer mode, the input clock is selectable and can either be one of the internal
clocks ¢T1, $T16 or $T256, or the comparator output (The match detection signal)
from TMRAO.

For each interval timer the timer operation control register bits TAOIRUN
<TAORUN> and TAO1RUN<TA1RUN> can be used to stop and clear the up

counters and to control their count. A reset clears both up counters, stopping the
timers.

Note: TMR45 and TMR67 can be selected low-frequency clock(fs) instead of external clock input.
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(3) Timer registers (TAOREG and TA1REG)

These are 8-bit registers, which can be used to set a time interval. When the
value set in the timer register TAOREG or TA1REG matches the value in the
corresponding up counter, the comparator match detect signal goes active. If the
value set in the timer register is O0OH, the signal goes active when the up counter
overflows.

TAOREG has a double buffer structure, making a pair with the register buffer.

The setting of the bit TAOIRUN<TAORDE> determines whether TAOREG’s
double buffer structure is enabled or disabled. It is disabled if <TAORDE> = “0” and
enabled if <TAORDE> = “1".

When the double buffer is enabled, data is transferred from the register buffer to
the timer register when a 2» overflow occurs in PWM mode, or at the start of the
PPG cycle in PPG mode. Hence the double buffer cannot be used in timer mode.

(When using the double buffer, method of renewing timer register is only
overflow in PWM mode or frequency agreement in PPG mode.)
A reset initializes <TAORDE> to “0”, disabling the double buffer. To use the

double buffer, write data to the timer register, set <TAORDE> to “1”, and write the

following data to the register buffer. Figure 3.12.5 shows the configuration of
TAOREG.

| Timer registers 0 (TAOREG) |

AN
B (_C(:: Matching detection PPG cycle
Shift trigger 2" overflow of PWM
Selector
| Register buffer 0 | S A Write to TAOREG
Write
2 Internal data bus 2 TAOIRUN<TAORDE>

Figure 3.12.5 Configuration of timer register (TAOREG)

Note: The same memory address is allocated to the timer register and the register buffer 0. When <TAORDE> = “0”,
the same value is written to the register buffer 0 and the timer register; when <TAORDE> =“1", only the register

buffer 0 is written to.
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(4) Comparator (CP0O, CP1)

The comparator compares the value in an up counter with the value set in a
timer register. If they match, the up counter is cleared to “0” and an interrupt
signal INTTAO or INTTA1) is generated. If timer flip-flop inversion is enabled, the
timer flip-flop is inverted at the same time.

Note: If a value smaller than the up-counter value is written to the timer register while the timer is counting up, this will
cause the timer to overflow and an interrupt cannot be generated at the expected time. (The value in the timer
register canbe changed without any problem if the new value is larger than the up-counter value.) In 16-bit
interval timer mode, be sure to write to both TAOREG and TA1REG in this order (16 bits in total), The compare

circuit will not function if only the lower 8 bits are set.

(5) Timer flip-flop (TA1FF)
The timer flip-flop (TA1FF) is a flip-flop inverted by the match detect signals
(8-bit comparator output) of each interval timer.

Whether inversion is enabled or disabled is determined by the setting of the bit
TA1FFCR<TA1FFIE> in the timer flip-flops control register. A reset clears the
value of TA1FF to “0”. Writing “01” or “10” to TAIFFCR<TA1FFC1:0> sets TA1FF
to “0” or “1”. Writing “00” to these bits inverts the value of TA1FF. (This is known
as software inversion.)

The TA1FF signal is output via the TA1OUT pin. When this pin is used as the
timer output, the timer flip-flop should be set beforehand using the port function
registers.

The condition for TA1FF inversion varies with mode as shown below

8-bit interval timer mode : UCO matches TAOREG or UC1 matches TAIREG
(Select either one of the two)

16-bit interval timer mode : UCO matches TAOREG or UC1 matches TAIREG

80bit PWM mode : UCO matches TAOREG or a 2" overflow occurs

8-bit PPG mode : UCO matches TAOREG or UCO matches TAIREG

Note: If an inversion by the match-detect signal and a setting change via the TMRAL flip-flopcontrol register occur

simultaneously, the resultant operation varies depending on the situation, as shown below.
. If an inversion by the match-detect signal and an inversion via the register occur simultaneously, the
flip-flop will be inverted only once.
. If an inversion by the match-detect signal and an attempt to set the flip-flop to 1 via the register occur
simultaneously, the timer flip-flop will be set to 1.
. If an inversion by the match-detect signal and an attempt to clear the flip-flop to 0 via the register occur
simultaneously the flip-flop will be cleared to 1.

Be sure to stop the timer before changing the flip-flop inversion setting.

If the setting is changed while the timer is counting, proper operation cannot be
obtained.
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3.12.3 SFR
TMRAO1 RUN Register
7 5 4 3 2 1 0
TAO1RUN Bit symbol TAORDE 12TA01 TAOLPRUN| TA1RUN TAORUN
(1100H) Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double In IDLE2 TMRAO1 Up counter | Up counter
buffer mode prescaler (UC1) (UCO0)
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate | 1: Run (Count up)
[
TAOREG double buffer control > Count control
0 Disable 0 Stop and clear
1 Enable 1 Run (Count up)
Note: The values of bits 4 to 6 of TAOLIRUN are “1” when read.
TMRA23 RUN Register
7 5 4 3 2 1 0
TA23RUN | Bit symbol TA2RDE 12TA23 TA23PRUN| TA3RUN TA2RUN
(1108H) | Read/Write R/W R/W
Reset State 0 0 0 0 0
Function Double In IDLE2 TMRA23 Up counter | Up counter
buffer mode prescaler (UC3) (UC2)
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate [1: Run (Count up)
|

TA3REG double buffer control

I—)

Count control

0 Disable

0 | Stop and clear

1 Enable

1 Run (Count up)

Note: The values of bits 4 to 6 of TA23RUN are “1” when read.

Figure 3.12.6 Register for TMRA
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TMRAA45 RUN Register
7 5 4 3 2 1 0
TA45RUN | Bit symbol TA4RDE I12TA45 | TA45PRUN| TA5RUN TA4RUN
(1110H) | Read/Write RIW RW
Reset State 0 0 0 0 0
Function Double In IDLE2 TMRAA45 Up counter [ Up counter
buffer mode prescaler (UC5) (UC4)
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate [1: Run (Count up)
[
TA4AREG double buffer control I—) Count control
0 Disable 0 | Stop and clear
1 Enable 1 Run (Count up)
Note: The values of bits 4 to 6 of TA45RUN are “1” when read.
TMRAG67RUN Register
7 5 4 3 2 1 0
TA67RUN | Bit symbol TA6RDE I2TA67 | TA67PRUN| TA7RUN TAG6RUN
(1118H) | Read/Write RIW RIW
Reset State 0 0 0 0 0
Function Double In IDLE2 TMRAG67 Up counter | Up counter
buffer mode prescaler (UCT) (UCh6)
0: Disable 0: Stop 0: Stop and clear
1: Enable 1: Operate [1: Run (Count up)
[
TAGREG double buffer control > Count control
0 Disable 0 | Stop and clear
1 | enable 1 Run (Count up)

Note: The values of bits 4 to 6 of TA67RUN are “1” when read.

Figure 3.12.7 Register for TMRA
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TMRAO1 Mode Register
7 6 5 4 3 2 1 0
TA01MOD | Bit symbol TA01IM1 TA01MO PWMO1 PWMO0OO | TAICLK1 | TAICLKO [ TAOCLK1 [ TAOCLKO
(1104H) | Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock for TMRAL [ Source clock for TMRAO
00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TMRAOQ input clock
00 TAOIN (External input)
<TAOCLK1:0> 01 ¢TL
10 |¢T4
11 |¢T16
TMRAL input clock
TA01IMOD<TA01M1:0>#01 [ TAOLMOD<TA01M1:0>=01
00 Comparator output from
TMRAO Overflow output from
<TA1CLK1:0> 01 oT1 TMRAO
10 0T16 (16-bit timer mode)
11 $T256
PWM cycle selection
00 Reserved
<PWMOL:00> 01 2‘:x Source clock
10 2" x Source clock
11 [ 2°x Source clock
TMRAO1 operation mode selection
00 8 timer x 2ch
01 16-bit timer
<TAO1MA1:0> 10 8-bit PPG
11 | 8-bit PWM (TMRAO),
8-bit timer (TMRA1)
Figure 3.12.8 Register for TMRA
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TMRA23 Mode Register
7 6 5 4 3 2 1 0
TA23MOD | Bit symbol TA23M1 | TA23MO PWM21 PWM20 | TA3CLK1 | TASCLKO [ TA2CLK1 | TA2CLKO
(110CH) | Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle TMRA3 clock for TMRA3 [ TMRA2 clock for TMRA2
00: 8-bit timer mode 00: Reserved 00: TA2TRG 00: TA2IN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10:2° 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 2° 11: ¢T256 11: ¢T16
TMRAZ input clock
00 TA2IN (External input)
<TA2CLK1:0> o1 9Tl
10 0T4
11 ¢0T16
TMRAZ3 input clock
TA23MOD<TA23M1:0>%01 | TA23MOD<TA23M1:0>=01
00 Comparator output from
TMRA2 Overflow output from
<TA3CLK1:0> 01 0T1 TMRA2
10 $T16 (16-bit timer mode)
11 $T256
PWM cvcle selection
00 Reserved
<PWM2L:20> 01 2j>< Source clock
10 2" x Source clock
11 2% x Source clock
TMRAZ23 operation mode selection
00 8 timer x 2ch
01 16-bit timer
<TA23MAL1:0> 10 8-bit PPG
11 8-bit PWM (TMRA2),
8-bit timer (TMRA3)

Figure 3.12.9 Register for TMRA
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TMRA45 Mode Register
7 6 5 4 3 2 1 0
TA45MOD | Bit symbol TA45M1 | TA45MO0 PWM41 PWM40 | TA5CLK1 | TAS5CLKO | TAACLK1 | TA4CLKO
(1114H) Read/Write R/W
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAS clock for TMRAS [ TMRA4 clock for TMRA4
00: 8-bit timer mode 00: Reserved 00: TAATRG 00: low-frequency clock
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TMRA4 input clock
00 low-frequency clock(fs)
<TA4CLK1:0> o1 ¢TL
10 0T4
11 ¢0T16
TMRAS input clock
TA45MOD<TA45M1:0>#01 | TA45MOD<TA45M1:0>=01
00 Comparator output from
TMRA4 Overflow output from
<TA5CLK1:0> 01 0Tl TMRA4
10 0T16 (16-bit timer mode)
11 $T256
PWM cycle selection
00 Reserved
<PWMAL40> 01 2‘; x Source clock
10 2" x Source clock
11 2% x Source clock
TMRA45 operation mode selection
00 8 timer x 2ch
01 16-bit timer
<TA45MAL1:0> 10 8-bit PPG
11 8-bit PWM (TMRA4),
8-bit timer (TMRA5)

Figure 3.12.10 Register for TMRA
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TMRAG67 Mode Register
7 6 5 4 3 2 1 0
TA67MOD | Bit symbol TA67M1 | TA67MO PWM61 PWM60 | TA7CLK1 | TA7CLKO | TA6CLK1 | TA6CLKO
(111CH) | Read/Write RIW
Reset State o | o o | o o | o o | o
Function Operation mode PWM cycle TMRAY clock for TMRA7 [ TMRAG clock for TMRAG
00: 8-bit timer mode 00: Reserved 00: TA6TRG 00: low-frequency clock
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode 10: 27 10: ¢T16 10: ¢T4
11: 8-bit PWM mode 11: 28 11: $T256 11: ¢T16
TMRAG input clock
00 low-frequency clock(fs)
<TA6CLK1:0> 01 9Tl
10 0T4
11 $T16
TMRAL input clock
TA67MOD<TA67M1:0>#01 | TA67MOD<TA67M1:0>=01
00 Comparator output from
TMRAG6 Overflow output from
<TA7CLK1:0> 01 0T1 TMRAG
10 $T16 (16-bit timer mode)
11 $T256
PWM cycle selection
00 Reserved
<PWMBL:60> 01 2j x Source clock
10 2" x Source clock
11 2° x Source clock
TMRAG7 operation mode selection
00 8 timer x 2ch
01 16-bit timer
<TA67MAL1:0> 10 8-bit PPG
11 8-bit PWM (TMRAS),
8-bit timer (TMRA7)

Figure 3.12.11 Register for TMRA
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TMRAL Flip-Flop Control Register

7 6 5 4 3 2 1 0
TALFFCR | Bit symbol TALFFC1 | TALIFFCO | TAL1FFIE | TA1FFIS
(1105H) Read/Write R/IW R/IW
A read- Reset State 1 | 1 0 0
modify-write | Function 00: Invert TALFF TALFF TALFF
operation 01: Set TALFF control for | inversion
cannot be 10: Clear TALFF inversion | select
performed 11: Don't care 0: Disable |0: TMRAO

1: Enable [1: TMRAL

Inversion signal for timer flip-flop 1 (TA1FF)
(Don't care except in 8-bit timer mode)

TAL1FFIS

Inversion by TMRAO

Inversion by TMRA1

Inversion of TA1FF

TAL1FFIE

Control of TA1FF

<TA1FFC1:0>

Disabled
Enabled
00 Inverts the value of TALFF (Software inversion)
01 Sets TALFF to “1”
10 Clears TAL1FF to “0”
11 Don't care

Note: The values of bits 4 to 6 of TALFFCR are “1” when read.

Figure 3.12.12 Register for TMRA
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TMRAS Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA3FFCR | Bit symbol TA3FFC1 | TASFFCO [ TA3FFIE | TA3FFIS
(110DH) Read/Write R/IW RIW
A read- Reset State 1 | 1 0 0
modify-write | Function 00: Invert TA3FF TA3FF TA3FF
operation 01: Set TA3FF control for |inversion
cannot be 10: Clear TA3FF inversion | select
performed 11: Don't care 0: Disable |0: TMRA2
1: Enable |1: TMRA3
Inversion signal for timer flip-flop 3 (TA3FF)
(Don't care except in 8-bit timer mode)
Inversion by TMRA2
TA3FFIS -
Inversion by TMRA3
Inversion of TA3FF
Disabled
TA3FFIE
Enabled
Control of TA3FF
00 Inverts the value of TA3FF (Software inversion)
01 Sets TA3FF to “1”
<TA3FFC1:0>
10 Clears TA3FF to “0”
11 Don't care
Note: The values of bits 4 to 6 of TA3SFFCR are “1” when read.
Figure 3.12.13 Register for TMRA
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TMRA7Y Flip-Flop Control Register
7 6 5 4 3 2 1 0
TA7FFCR | Bit symbol TA7FFC1 | TATFFCO | TA7FFIE | TA7FFIS
(111DH) Read/Write R/IW RIW
A read- Reset State 1 | 1 0 0
modify-write | Function 00: Invert TA7TFF TATFF TA7FF
operation 01: Set TA7FF control for |inversion
cannot be 10: Clear TA7FF inversion | select
performed 11: Don't care 0: Disable |0: TMRA6
1: Enable |1: TMRA7
Inversion signal for timer flip-flop 7 (TA7FF)
(Don't care except in 8-bit timer mode)
Inversion by TMRA6
TATFFIS -
Irversion-of TAZEE Inversion by TMRA7
Disabled
TA7FFIE
Controrot FAZEE Enabled
00 Inverts the value of TA7FF (Software inversion)
01 Sets TA7FF to “1”
<TA7FFC1:0>
10 Clears TA7FF to “0”
11 Don't care
Note: The values of bits 4 to 6 of TA7FFCR are “1” when read.
Figure 3.12.14 Register for TMRA
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Timer Registers
5 4 0
TAOREG | bit Symbol —
(1102H) Read/Write W
Reset State 0
TAL1REG | bit Symbol —
(1103H) Read/Write W
Reset State 0
TA2REG | bit Symbol —
(110AH) Read/Write W
Reset State 0
TA3REG | bit Symbol —
(110BH) Read/Write W
Reset State 0
TA4REG | bit Symbol —
(1112H) Read/Write W
Reset State 0
TASREG | bit Symbol —
(1113H) Read/Write W
Reset State 0
TA6REG | bit Symbol —
(111AH) Read/Write W
Reset State 0
TA7REG | bit Symbol —
(111BH) Read/Write W
Reset State 0
Note: A read-modify-write operation cannot be performed for All registers.
Figure 3.12.15 TMRA Registers
92CF30-253 2009-06-12



TOSHIBA TMP92CF30

3.12.4 Operation in Each Mode

(1)  8-bit timer mode
Both TMRAO and TMRA1 can be used independently as 8-bit interval timers.

a. Generating interrupts at a fixed interval (Using TMRA1)

To generate interrupts at constant intervals using TMRA1 (INTTA1), first stop
TMRA1 then set the operation mode, input clock and a cycle to TAOIMOD and
TA1REG register respectively. Then, enable the interrupt INTTA1 and start
TMRA1 counting.

Example: To generate an INTTAL interrupt every 20 ps at fsys= 50 MHz, set each register as follows;

* Clock state [Clcok gear : 1/1
Prescaler of clock gear :1/2
MSB LSB
. 7 6 5 4 3 2 1 0
TAOIRUN  « - X - - - Stop TMRAL and clear it to 0.
TAOIMOD <« 0 0 X X 0 1 X X Select 8-bit timer mode and select ¢T1 (0.16 ps at fsys =
50 MHz) as the input clock.
TALIREG «< 0 1 1 1 1 1 0 1 Set TALREG to 20 ps + ¢T1 = 125(7DH)
INTETAL «~ X 1 0 1 X - - - Enable INTTA1 and set it to level 5.
L TAOLRUN « - X X X - 1 1 - Start TMRA1 counting.

X: Don't Care, —: No change

Select the input clock using Table 3.12.2.

Note: The input clocks for TMRAO and TMRAL are different from as follows.
TMRAO: TAOIN input, ¢T1, $T4 or $T16.
TMRAL: Matches output of TMRAO, ¢T1, $T16, and ¢$T256.
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b. Generating a 50% duty ratio square wave pulse

The state of the timer flip-flop (TA1FF) is inverted at constant intervals and its
status output via the timer output pin (TA10UT).

Example: To output a 3.2us square wave pulse from the TALOUT pin at fsys = 50 MHz, use the following procedure to
make the appropriate register settings. This example uses TMRAL; however, either TMRAO or TMRA1 may be

used.
* Clock state [Clcok gear: 1/1
Prescaler of clock gear : 1/2
— 7 6 5 4 3 2 1 0
TAO1RUN «— - X X - - - Stop TMRAL and clear it to “0".
TA01MOD «< 0 0 X X 0 1 X X Select 8-bit timer mode and select ¢T1 (0.16 ps at fsys =
50 MHz) as the input clock.
TALIREG «< 0 0 0 01 0 1 O Set the timer register to 3.2 us + ¢T1 + 2 = 0AH
TA1FFCR « X X X X 1 0 1 1 Clear TALFF to “0” and set it to invert on the match detect
signal from TMRAL.
PM “« - X X X X - 0 X } _ _
Set PML1 to function as the TAIOUT pin.
PMFC « - X X X X - 1 X
| TAO1RUN « - X X X - 1 1 - Start TMRA1 counting.

X: Don't care, —: No change

oT1
TAOLRUN
<TAOIRUN> |
Bit7 to Bit2 .
Up Bitl
counter

Bit0 o | 1 2 |3ef\l2 [L2 J3]of 2 |2 |3 ]|of
c t
o ming nEE

Comparator output
(Match detect)

1
2
UCL clear W I

TAL1FF

1

|

|
TA10UT i
1
, 16psatfc=50MHz
1

Figure 3.12.16 Square Wave Output Timing Chart (50% duty)
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c. Making TMRA1 count up on the match signal from the TMRAO comparator

Select 8-bit timer mode and set the comparator output from TMRAO to be the
input clock to TMRAL.

Comparator output |-| |-|
(TMRAO match)

TMRAO t
(when TAOREG < 5) X2 X X e X5 X X2 X X a X X X2 X3)

TMRAL up counter
(when TALREG = 2) 1 A 2 A 1
TMRA1 match output rl

Figure 3.12.17 TMRAL1 Count Up on Signal from TMRAO

(2) 16 bit timer mode
Pairing the two 8-bit timers TMRAO and TMRA1 configures a 16-bit interval timer.
To make a 16-bit interval timer in which TMRAO and TMRA1 are cascaded together,
set TAOIMOD<TAO01M1:0> to “01”.
In 16-bit timer mode, the overflow output from TMRAO is used as the input clock for
TMRA1, regardless of the value set in TAOIMOD<TA01CLK1:0>. Table 3.12.2 shows
the relationship between the timer (Interrupt) cycle and the input clock selection.

Example: To generate an INTTAL interrupt every 0.13 s at fsys = 50 MHz, set the timer registers TAOREG and
TA1REG as follows:

* Clock state Clcok gear : 1/1
Prescaler of clock gear : 1/2

If $T16 (2.6 us at fsys = 50 MHz) is used as the input clock for counting, set the
following value in the registers: 0.13 s + 2.6 us = 50000 = C350H; e.g. set TA1IREG to
C3H and TAOREG to 50H.
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The comparator match signal is output from TMRAO each time the up counter UCO
matches TAOREG, though the up counter UCO is not cleared.

In the case of the TMRA1 comparator, the match detect signal is output on each
comparator pulse on which the values in the up counter UC1 and TA1IREG match.
When the match detect signal is output simultaneously from both the comparator
TMRAO and TMRA1, the up counters UCO and UC1 are cleared to 0 and the interrupt
INTTAL1 is generated. Also, if inversion is enabled, the value of the timer flip-flop
TA1FF is inverted.

Example: When TAIREG = 04H and TAOREG = 80H

Value of up counter 0080H 0180H 0280H 0380H 0480H 0080H
(UC1, UCo)

TMRAOQ comparator |-| |-| rl rl |_| rl

match detect signal
TMRA1 comparator
match detect signal

Interrupt INTTAO

1

|

]
Interrupt INTTAL rl

1

I

A

Timer output TALOUT Inversion

Figure 3.12.18 Timer Output by 16-Bit Timer Mode

(3) 8-bit PPG (Programmable pulse generation) output mode

Square wave pulses can be generated at any frequency and duty ratio by TMRAO.
The output pulses may be active-low or active-high. In this mode TMRA1 cannot be
used.

TMRAO outputs pulses on the TAIOUT pin.

| tH | ks |
<TAlFFC1:0> ="10" I_ll I I_ll

I L |

l L l tH

<TAlFFC1:0> ="01" —|_|—|_l—

Example: <TA1FFC1:0> = “01"

TAOREG and UCO match £1 ]

(Interrupt INTTAOQ)
TAIREG and UCO match ( £1 { 41
(Interrupt INTTA1) (
TA10UT
TAOREG
TALREG

Figure 3.12.19 8-Bit PPG Output Waveforms
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In this mode a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UC0) matches the value in one of the timer
registers TAOREG or TA1REG.

The value set in TAOREG must be smaller than the value set in TAIREG.

Although the up counter for TMRA1l (UC1) is not used in this mode,
TAO1RUN<TA1RUN> should be set to 1 so that UC1 is set for counting.

Figure 3.12.20 shows a block diagram representing this mode.

TAOIRUN<TAORUN> 1AL0UT

Selector
TAOIN 5bi
oT1 — -bit «— TALFFCR<TALFFIE>
T4 up counter TAL1FF
¢ (UCO)
0T16 —>
TA01MOD<TAOCLK1 0> b Inversion
* INTTAO
N
Comparator | Comparator I INTTAL
Selector | TAOREG |
Shift trigger’
TAOREG-WR —
| Register buffer | | TALREG |
TAO1RUN<TAORDE>

T__ 1

Internal data bus

Figure 3.12.20 Block Diagram of 8-Bit PPG Output Mode

If the TAOREG double buffer is enabled in this mode, the value of the register buffer
will be shifted into TAOREG each time TAIREG matches UCO.

Use of the double buffer facilitates the handling of low-duty waves (when duty is

varied).
Match with TAOREG
and up counter rl J

(Up counter = Q1) (Up counter =Qpy)
Match with TAIREG

TAOREG ( Shift from register buffer
N\
(Value to be compared) Q1 X Q,

/A

Register buffer Q2 X Q3

kTAOREG (Register buffer)
write

Figure 3.12.21 Operation of Register Buffer

Note: The values that can be set in TAXREG renge from 01h to 00h (equivalent to 100h). If the maximum value 00h is

set , the match-detect signal goes active when the up-counter overfolws.
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Example: To generate 1/4 duty 31.25 kHz pulses (at fsys= 50 MHz)

JJ Sy R Iy By

le———
32 ps
* Clock state Clcok gear : 1/1
Prescaler of clock gear : 1/2

Calculate the value which should be set in the timer register.
To obtain a frequency of 31.25 kHz, the pulse cycle t should be: t = 1/31.25kHz = 32 ps
$T1=0.16 ps (at 50 MHz);
32 pus +0.16 pus = 200
Therefore set TAIREG to 200 (C8H)
The duty is to be setto 1/4: t x 1/4 =32 ps x 1/4 =8 ps
8 us + 0.16 pus =50
Therefore, set TAOREG =50 = 32H.

7 6 5 4 3 2 1 0
[~ TAO1RUN « - X X X - 0 0 Stop TMRAO and TMRAL and clear it to “0".
TA01MOD «< 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TAOREG «<~ 0 0 0 0 12 0 1 O Write 32H.
TALIREG «<~ 1 1 0 0 1 0 0 O Write C8H.
TA1FFCR « X X X X (2 % 1 X Set TALFF, enabling both inversion and the double buffer.
Writing 10 provides negative logic pulse.
PM « - X X X - 0 X } _
Set PM1 as the TA1OUT pin.
PMFC « - X X X X - X
L. TAO1RUN «~ 1 X X X - 1 1 1 Start TMRAO and TMRA1 counting.

X: Don't care, —: No change
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(4) 8-bit PWM (Pulse width modulation) output mode
This mode is only valid for TMRAO. In this mode, a PWM pulse with the maximum
resolution of 8 bits can be output.
When TMRAO is used the PWM pulse is output on the TA1IOUT pin (Shared with
PM1). TMRAL1 can also be used as an 8-bit timer.

The timer output is inverted when the up counter (UC0) matches the value set in the
timer register TAOREG or when 2» counter overflow occurs (n = 6, 7 or 8 as specified by
TA0OIMOD<PWMO01:00>). The up counter UCO is cleared when 20 counter overflow
occurs.

The following conditions must be satisfied before this PWM mode can be used.

Value set in TAOREG < Value set for 2n counter overflow

Value set in TAOREG # 0

TA0C mateh Al /J] |

2n
overflow / (ﬂ
tPwm |

(INTTAO interrupt) <
TA10OUT
|
' (PWM cycle)

Figure 3.12.22 8-Bit PWM Waveforms

Figure 3.12.23 shows a block diagram representing this mode.

TAOLRUN<TAORUN> TAl?UT
TAOIN C
L 8-bit up counter TALFFCR
$T4 Selector (SCO) Clear TALFF <TAIFFIES
0T16 |
T T Inversion
TAO1MOD<TAOCLK1:0> o overfiow TAOLMOD
:> control  [— <PWMO01:00>
| Overflow
| Comparator |
2\
d INTTAO
L | TAOREG |
Selector Shift trigger
TAOREG-WR —>{
| Register buffer |
TAO1RUN<TAORDE> ﬁ
2 Internal data bus 2

Figure 3.12.23 Block Diagram of 8-Bit PWM Mode
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In this mode the value of the register buffer will be shifted into TAOREG if 2n
overflow is detected when the TAOREG double buffer is enabled.

Use of the double buffer facilitates the handling of low duty ratio waves.

Match with TAOREG rl rl
Up counter = Q1 Up counter = Q2
2" overflow )ﬂ
[ Shift into TAOREG(Register buffer0)
TAOREG Q
(Value to be compared) Q1 X //\ Q2
Register buffer0 Q2 X Q3

KTAOREG (Register buffer0)
write

Figure 3.12.24 Register Buffer Operation

Example: To output the following PWM waves on the TA1OUT pin (at fsys = 50 MHz).

[ I B

16.0 us
20.48 ps
* Clock state Clcok gear : 1/1
Prescaler of clock gear : 1/2

To achieve a 20.48us PWM cycle by setting ¢T1 to 0.16 ps (at fsys = 50 MHz):
20.48 ps + 0.16 ps = 128
2"=128
Therefore n should be set to 7.
Since the low level period is 16.0 us when ¢T1 = 0.16 ps,
set the following value for TAREG:
16.0 us + 0.16 pus = 100 = 64H

MSB LSB
~ 7 6 5 4 3 2 1 0
TAO1RUN «— - X - - -0 Stop TMRAO and clear it to 0
TA01IMOD «< 1 1 1 0 X X 0 1 Select 8-bit PWM mode (cycle: 2") and select ¢T1 as the
input clock.
TAOREG «~ 0 1 1 o0 1 0 O Write 64H.
TAL1FFCR <« X X 0 1 X Clear TAL1FF to 0, enable the inversion and double buffer.
PM « - X X X X - 0 X } _
Set PM1 as the TA1OUT pin.
PMFC «~ - X X X X - 1 X
L TAOIRUN «~ 1 X X X - 1 - 1 Start TMRAO counting.

X: Don't care, —: No change
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Table 3.12.3 PWM Cycle
Clock gear | Prescaler of PWM cycle
selection clock gear TAXXMOD<PWMx1:0>
SYSCR1 SYSCRO 2° (x64) 2'(x128) 2°%(x256)
<GEAR2:0>|  <PRCK> TAXXMOD<TAXCLK1:0> TAXXMOD<TAXCLK1:0> TAXXMOD<TAXCLK1:0>
0T1(x2) | 6T4(x8) |dT16(x32)] ¢T1(x2) OT4(x8) |[¢T16(x32)] ¢T1(x2) OT4(x8) | $T16(x32)
000(x1) 512/fc 2048lfc 8192/fc 1024/fc 4096/fc 16384/fc 2048/fc 8192/fc 32768/fc
001(x2) 1024/fc 4096/fc 16384/fc 2048/fc 8192/fc 32768l/fc 4096/fc 16384/fc 65536/fc
010(x4) 0(x2) 2048/fc 8192/fc 32768l/fc 4096/fc 16384/fc 65536/fc 8192/fc 32768lfc 131072/fc
011(x8) 4096/fc 16384/fc 65536/fc 8192/fc 32768l/fc 131072/fc 16384/fc 65536/fc 262144/fc
1fc 100(x16) 2 8192/fc 32768lfc 131072/fc 16384/fc 65536/fc 262144/fc 32768/fc 131072/fc 524288l/fc
000(x1) 2048l/fc 8192/fc 32768l/fc 4096/fc 16384/fc 65536/fc 8192/fc 32768lfc 131072/fc
001(x2) 4096/fc 16384/fc | 65536/fc 8192/fc 32768/fc | 131072/fc | 16384/fc 65536/fc 262144/fc
010(x4) 1(x8) 8192/fc 32768/fc 131072/fc 16384/fc 65536/fc 262144/fc 32768/fc 131072/fc 524288l/fc
011(x8) 16384/fc 65536/fc 262144/fc 32768/fc 131072/fc 524288l/fc 65536/fc 262144/fc 1048576/fc
100(x16) 32768/fc | 131072/fc | 524288/fc 65536/fc 262144/fc | 1048576/fc | 131072/fc 524288/fc 2097152/fc
(5) Settings for each mode
Table 3.12.4 shows the SFR settings for each mode.
Table 3.12.4 Timer Mode Setting Registers
Register Name TAO01IMOD TA1FFCR
<Bit Symbol> <TA01M1:0> <PWMO01:00> <TA1CLK1:0> <TAOCLK1:0> TAL1FFIS
. ) Upper Timer Input Lower Timer Timer F/F Invert Signal
Function Timer Mode PWM Cycle
Clock Input Clock Select
Lower timer
o match External clock 0: Lower timer output
8-bit timer x 2 channels 00 - 0T1, ¢T4, $T16 )
0T1, ¢T16, $T256 1: Upper timer output
(00, 01, 10, 11)
(00, 01, 10, 11)
External clock
16-bit timer mode 01 - - ¢T1, ¢T4, $T16 -
(00, 01, 10, 11)
External clock
8-bit PPG x 1 channel 10 - - 0T1, 6T4, ¢T16 -
(00, 01, 10, 11)
26’ 27’ 28 External clock
8-bit PWM x 1 channel 11 (01, 10, 11) - o0T1, 6T4, ¢T16 -
(00, 01, 10, 11)
o $T1, ¢T16, $T256 _
8-bit timer x 1 channel 11 - - Output disabled
(01, 10, 11)
—: Don't care
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3.13 16 bit timer / Event counter (TMRB)

The TMP92CF30 incorporates two multifunctional 16-bit timer/event counter (TMRBO,
TMRB1) which have the following operation modes:

e 16 bit interval timer mode
e 16 bit event counter mode

e 16 bit programmable pulse generation mode (PPG)

Can be used following operation modes by capture function.
e Frequency measurement mode

e Pulse width measurement mode

The timer/event counter consists of a 16-bit up counter, two 16-bit timer registers (one of
them with a double-buffer structure), a 16-bit capture registers two comparators, a capture
input controller, a timer flip-flop and a control circuit.

The timer/event counter is controlled by an 11-byte control SFR.

Each channel (TMRBO,TMRB1) operate independently. In this section, the explanation
describes only for TMRBO because each channel is identical operation except for the difference

as follows;

Table 3.13.1 Difference between TMRBO and TMRB1

(Shared with PP6)

Channel
o TMRBO TMRB1
Specification
External clock/ TBOINO TB1INO
capture trigger input pins (Shared with PP4) (Shared with PP5)
External pins
Timer flip-flop output pins TBOOUTO

Timer run register

TBORUN (1180H)

TB1RUN (1190H)

Timer mode register

TBOMOD (1182H)

TB1MOD (1192H)

Timer flip-flop
control register

TBOFFCR (1183H)

SFR
(Address)

Timer register

TBORGOL (1188H)
TBORGOH (1189H)
TBORGAIL (118AH)
TBORG1H (118BH)

TB1RGOL (1198H)
TB1RGOH (1199H)
TB1RGIL (119AH)
TB1RG1H (119BH)

Capture register

TBOCPOL (118CH)
TBOCPOH (118DH)
TBOCP1L (118EH)
TBOCP1H (118FH)

TB1CPOL (119CH)
TB1CPOH (119DH)
TB1CP1L (119EH)
TB1CP1H (119FH)
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Figure 3.13.1 Block diagram of TMRBO
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3.13.2 Operation

(1) Prescaler

The 5-bit prescaler generates the source clock for TMRBO0. The prescaler clock
(¢TOTMR) is selected by the register SYSCRO<PRCK> of clock gear. This prescaler can
be started or stopped using TBORUN<TBOPRUN>. Counting starts when <TBORUN>
is set to “1”; the prescaler is cleared to “0” and stops operation when <TBORUN> is
cleared to “0”.

The resolution of prescaler is showed in the Table 3.13.2.

Table 3.13.2 Prescaler Clock Resolution

Clock gear Prescaler of Timer counter input clock
selection clock gear Prescaler of TMRB
SYSCR1 SYSCRO TBXMOD<TBXxCLK1:0>

<GEAR2:0> <PRCK> $TL(L/2) $T4(1/8) $T16(1/32)
000(1/1) fc/8 fc/32 fc/128
001(1/2) fc/16 fcl64 fc/256
010(1/4) 0(1/2) fc/32 fc/128 fc/512
011(1/8) fc/64 fc/256 fc/1024
fe 100(1/16) 12 fc/128 fc/512 fc/2048
000(1/1) fc/32 fc/128 fc/512
001(1/2) fc/64 fc/256 fc/1024
010(1/4) 1(1/8) fc/128 fc/512 fc/2048
011(1/8) fc/256 fc/1024 fc/4096
100(1/16) fc/512 fc/2048 fc/8192

(2) Up counter (UC10)

UC10is a 16-bit binary counter which counts up pulses input from the clock specified
by TBOMOD<TBOCLK1:0>.

Any one of the prescaler internal clocks ¢T1, ¢TBO and ¢T16 or an external clock
input via the TBOINO pin can be selected as the input clock. Counting or stopping and
clearing of the counter is controlled by TBORUN<TBORUN>.

When clearing is enabled, the up counter UC10 will be cleared to “0” each time its
value matches the value in the timer register TBORG1H/L. If clearing is disabled, the
counter operates as a free running counter.

Clearing can be enabled or disabled using TBOMOD<TBOCLE>.
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(3) Timer registers (TBORGOH/L, TBORG1H/L)

These two 16-bit registers are used to set the interval time. When the value in the up
counter UC10 matches the value set in this timer register, the comparator match
detect signal will go active.

Setting data for both upper and lower timer registers is always needed. For example,
eithre using a 2-byte data transfer instruction or using a 1-byte data transfer
instruction twice for the lower 8 bits and upper 8 bits in order.

(The compare circuit will not operate if only the lower 8 bits are written. Be sure to
write to both timer registers (16 bits) from the lower 8 bits followed by the upper 8
bits.)

The TBORGOH/L timer register has a double-buffer structure, which is paired with a
register buffer 10. The value set in TBORUN<TBORDE> determines whether the
double-buffer structure is enabled or disabled: it is disabled when <TBORDE> = “0”,
and enabled when <TBORDE> = “1”.

When the double buffer is enabled, data is transferred from the register buffer 10 to
the timer register when the values in the up counter (UC10) and the timer register
TBORG1H/L match.

The double buffer circuit incorporates two flags to indicate whether or not data is
written to the lower 8 bits and the upper 8 bits of the register buffer, respectively. Only
when both flags are set can data be transferred from the register buffer to the timer
register by a match between the up-counter UC10 and the timer register TBORG1H/L.
This data transfer is performed so long as 16-bit data is written in the register buffer
regardless of the register buffer to the timer register unexpectedly as explained below.

For example, let us assume that an interrupt occurs when only the lower 8 bits (IL1)
of the register buffer data (H1L1) have been written and the interrupt routine includes
writes to all 16 bits in the register buffer and a transfer of the data to the timer register.
In this case, if the higher 8 bits (H1) are written after the interrupt routine is
completed, only the flag for the higher 8 bits will be set, the flag for the lower 8 bits
having been cleared in the interrupt routine. Therefore, even if a match occurs between
UC10 and TBORG1H/L, no data transfer will be performed.

Then, in an attempt to set the next set of data (H2L2) in the register buffer, when the
lower 8 bits (L.2) are written, this will cause the flag for the lower 8 bits to be set as well
as the flag for the higher 8 bits which has been set by writing the previous data (H1). If
a match between UC10 and TBORG1H/L occurs before the higher 8 bits (H2) are
written, this will cause unexpected data (H1L2) to be sent to the timer register instead
of the intended data (H2L2).

To avoid such transfer timing problems due to interrupts, the DI instruction (disable
interrupts) and the EI (enable interrupts) can be executed before and after setting data
in the register buffer, respectively.

After a reset, TBORGOH/L and TBORG1H/L are undefined. If the 16-bit timer is to be
used after a reset, data should be written to it beforehand.

On a reset <TBORDE> is initialized to “0”, disabling the double buffer. To use the

double buffer, write data to the timer register, set <TBORDE> to “1”, then write data to
the register buffer 10 as shown below.
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TBORGOH/L and the register buffer 10 both have the same memory addresses

(1188H and 1189H) allocated to them. If <TBORDE> = “0”, the value is written to both
the timer register and the register buffer 10. If <TBORDE> = “1”, the value is written to
the register buffer 10 only.

r-

TMRBO - - o o o o o o -
TBORGOH/L TBORG1H/L
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
(TBORGOH) (TBORGOL) (TBORG1H) (TBORGLIL)
1189H 1188H 118BH 118AH
TMRBl - o oo oo oo -
TB1RGOH/L TB1RG1H/L
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
(TBLIRGOH) (TBLRGOL) (TB1IRG1H) (TBIRGIL)
1199H 1198H 119BH 119AH

The timer registers are write-only registers and thus cannot be read.

The addresses of the timer registers are as follows:
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(4) Capture registers (TBOCPOH/L, TBOCP1H/L)
These 16-bit registers are used to latch the values in the up counter (UC10).

All 16 bits of data in the capture registers should be read. For example, using a

2-byte data load instruction or two 1-byte data load instructions. The least significant

byte is read first, followed by the most significant byte.

(during capture is read, capture operation is prohibited. In that case, the lower 8 bits
should be read first, followed by the 8 bits.)

The addresses of the capture registers are as follows;

F= TMRBO - o o o oo -
i TBOCPOH/L TBOCP1H/L

i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

' (TBOCPOH) (TBOCPOL) (TBOCP1H) (TBOCP1L)

i 118DH 118CH 118FH 118EH

1

r= TMRBl - oo -
i TB1CPOH/L TB1CP1H/L

i Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits

' (TB1CPOH) (TB1CPOL) (TB1CP1H) (TB1CP1L)

i 119DH 119CH 119FH 119EH

1

The capture registers are read-only registers and thus cannot be written to.

(5) Capture input and external interrupt control

This circuit controls the timing to latch the value of the up-counter UC10 into
TBOCPOH/L and TBOCP1H/L, and generates external interrupt. The latch timing of
capture register and selection of edge for external interrupt is controlled by
TBOMOD<TBOCPM1:0>.

The value in the up-counter (UC10) can be loaded into a capture register by software.
Whenever “0” is written to TBOMOD<TBOCPOI>, the current value in the up counter
(UC10) is loaded into capture register TBOCPOH/L. It is necessary to keep the
prescaler in RUN mode (i.e., TBORUN<TBOPRUN> must be held at a value of “1”).
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(6)

(7

Note:

Comparators (CP10, CP11)

CP10 and CP11 are 16-bit comparators which compare the value in the up counter
UC10 with the value set in TBORGOH/L or TBORG1H/L respectively, in order to detect
a match. If a match is detected, the comparator generates an interrupt (INTTBO0O or
INTTBO1 respectively).

Timer flip-flops (TBOFF0)
These flip-flops are inverted by the match detect signals from the comparators and

the latch signals to the capture registers. Inversion can be enabled and disabled for
each element using TBOFFCR<TBOC1T1, TBOC0T1, TBOE1T1, TBOEOT1>.

After a reset the value of TBOFFO is undefined. If “00” is written to TBOFFCR
<TBOFF0C1:0>, TBOFFO will be inverted. If “01” is written to the capture registers, the
value of TBOFFO will be set to “1”. If “10” is written to the capture registers, the value
of TBOFFO will be set to “0”.

If an inversion by the match-detect signal and a setting change via the TBOFFCR register occurs

simultaneously, the resultant operation varies depending on the situation, as shown below.
. If an inversion by the match-detect signal and an inversion via the register occur simultaneously,

the flip-flop will be inverted only once.
. If an inversion by the match-detect siganl and an attempt to set the flip-flop to “1” via the register

occur simultaneously, the flip-flop will be set to “1”.
. If an inversion by the match-detect signal and an attmept to cleare the flip-flop to “0” via the
register occur simultanerously, the flip-flop will be cleared to “0”.

If an inversion by match-detect signal and inversion disable setting occur
simultaneously, two case (it is inverted and it is not inverted) are occurred. Therefore,
if changing inversion control (inversion enable/disable), stop timer operation
beforehand.

The values of TBOFFO can be output via the timer output pins TBOOUTO (which is
shared with PP6) and TBOOUT1 (which is shared with PP7). Timer output should be
specified using the port P function register.
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3.13.3 SFR
TMRBO RUN Register
7 6 5 4 3 2 0
TBORUN [Bit symbol TBORDE — 12TB0O TBOPRUN TBORUN
(1180H) |Read/Write R/W RIW R/W RIW RIW
Reset State 0 0 0 0 0
Function Double Always write In IDLE2 TMRBO Up counter
buffer “0” mode prescaler (UC10)
0: disable 0: Stop 0: Stop and clear
1: enable 1: Operate [1: Run (Count up)
Count operation
Stop and clear
<TBOPRUN>, <TBORUN>
1 Count up
Note: 1, 4 and 5 of TBORUN are read as “1” values.
TMRB1 RUN Register
7 6 5 4 3 2 0
TB1RUN [Bit symbol TB1RDE — 12TB1 TB1PRUN TB1RUN
(1190H) JRead/Write R/IW R/W R/W R/W R/W
Reset State 0 0 0 0 0
Function Double Always write In IDLE2 TMRB1 Up counter
buffer ‘0" mode prescaler (UC12)
0: disable 0: Stop 0: Stop and clear
1: enable 1: Operate |1: Run (Count up)
Count operation
<TB1PRUN>, <TBIRUN> Stop and clear
1 Count up
Note: 1, 4 and 5 of TBIRUN are read as “1” values.
Figure 3.13.3 Register for TMRB
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TMRBO Mode Register

7 6 5 4 3 2 1 0
TBOMOD Bit symbol - - TBOCPOI | TBOCPM1 | TBOCPMO | TBOCLE | TBOCLK1 | TBOCLKO
(1182H) Read/Write RIW W* R/IW
A read- Reset State 0 | 0 1 0 | 0 0 0 | 0
modify-write | Function Always write “0". Software Capture timing Control TMRBO source clock
operation capture 00:Disable Up counter | 00: TBOINO input
cannot be control INT6 occurs at O:Disable  |01: ¢T1
performed 0: Software rising edge 1:Enable 10: ¢T4
capture OL:TBOINO 11: ¢T16
. INT6 occurs at
1:Undefined .
rising edge
10: TBOINO T TBOINO
INT6 occurs at
falling edge
11: TALTOUT 1
TA10UT
INT6 occurs at rising
edge

TMRBO source clock

00 TBOINO pin input
<TBOCLK1:0> o1 ¢TL

10 T4

11 ¢T16

Control clearing for up counter (UC10)
0 Disable
1 Enable clearing by match with TBORG1H/L

<TBOCLE>

Capture/interrupt timing

Capture control INT6 control

00 Disable INT6 occurs at the rising

01 Capture to TBOCPOH/L at rising edge of TBOINO | edge of TBOINO 7

Capture to TBOCPOH/L at rising edge of TBOINO INT6 occurs at the rising

Capture to TBOCP1H/L at falling edge of TBOINO [ edge of TBOINO

11 Capture to TBOCPOH/L at rising edge of TALOUT | INT6 occurs at the rising
Capture to TBOCP1H/L at falling edge of TALOUT [ edge of TBOINO _f_

<TBOCPM1:0> 10

Software capture

0 The value of up counter is captured to TBOCPOH/L
Undefined

<TBOCPOI>

Figure 3.13.4 Register for TMRB
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TMRB1 Mode Register
7 6 5 4 3 2 1 0
TB1MOD Bit symbol - - TB1CPOI | TB1ICPM1 | TB1ICPMO | TB1CLE | TB1CLK1 | TB1CLKO
(1192H) Read/Write RIW W* R/IW
A read- Reset State 0 | 0 1 0 | 0 0 0 | 0
modify-write | Function Always write “0”. Software Capture timing Control TMRB1 source clock
operation capture 00:Disable Up counter | 00: TB1INO input
cannot be control INT7 occurs at O:Disable  [01: ¢T1
performed 0: Software | MSind edge 1:Enable | 10:¢T4
capture OLTBLINO T 11: ¢T16
INT7 occurs at
1:Undefined -
rising edge
10: TB1INO T TB1INO 4
INT7 occurs at
falling edge
11: TA30UT T TA30UT |
INT7 occurs at rising
edge
TMRB1 source clock
00 TB1INO pin input
01 T1
<TB1CLK1:0> o
10 oT4
11 $T16
Control clearing for up counter (UC12)
<TBICLE> 0 Disable . '
1 Enable clearing by match with TBIRG1H/L
Capture/interrupt timing
Capture control INT7 control
00 Disable INT7 occurs at the rising
01 Capture to TB1CPOH/L at rising edge of TB1INO | edge of TB1INO S

<TB1CPM1:0> 10

Capture to TB1CPOH/L at rising edge of TB1INO
Capture to TB1CP1H/L at falling edge of TB1INO

INT7 occurs at the rising

edge of TB1INO T\

11

Capture to TB1CPOH/L at rising edge of TA3OUT
Capture to TB1CP1H/L at falling edge of TA3OUT

INT7 occurs at thii}s‘in_q
edge of TB1INO

Software capture

<TB1CPOI>

0 The value of up counter is captured to TB1CPOH/L

1 Undefined

Figure 3.13.5 Register for TMRB
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TMRBO Flip-Flop Control Register
7 6 5 4 3 2 1 0
TBOFFCR Bit symbol - — TBOC1T1 TBOCOT1 TBOE1T1 TBOEOT1 TBOFFOC1 | TBOFFOCO
(1183H) Read/Write W* R/W W
A read Reset State 1 | 1 0 | 0 | 0 | 0 1 | 1
-modify-write | Function Always write “11” TBOFFO inversion trigger Control TBOFFO
operation 0: Disable trigger 00: Invert
cannot be *Always read as “11". | 1: Enable trigger 01: Set
performed 10: Clear
When When When UC10 | When UC10 | 11: Undefined
capture capture matches matches
UC10to UC10to with with *Always read as “11".
TBOCP1H/L | TBOCPOH/L | TBORG1H/L | TBORGOH/L
Timer flip-flop control(TBOFFO)
00 Invert
<TBOFFOCL:0> 01 }Settorl
10 Clear to “00”
11 Undefined (Always read as “11")

TBOFFO control
Inverted when UC10 value matches the valued in TBORGOH/L
<TBOEOT1> 0 Disable trigger
1 Enable trigger
TBOFFO control
Inverted when UC10 value matches the valued in TBORG1H/L
Disable trigger
<TBOE1T1> 0 isable t-lgge
1 Enable trigger
TBOFFO control
Inverted when UC10 value is captured into TBOCPOH/L
Disable tri
<TBOCOT1> 0 isable tr.lgger
1 Enable trigger
TBOFFO control
Inverted when UC10 value is captured into TBOCP1H/L
<TBOCIT1> 0 Disable trigger
1 Enable trigger

Figure 3.13.6 Register for TMRB
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TMRBO register
5 4 0
TBORGOL | bit Symbol —
(1188H) Read/Write W
Reset State 0
TBORGOH | bit Symbol -
(1189H) Read/Write W
Reset State 0
TBORGLL | bit Symbol —
(118AH) Read/Write W
Reset State 0
TBORG1H |bit Symbol -
(118BH) Read/Write W
Reset State 0
TB1RGOL | bit Symbol —
(1198H) | Read/Write W
Reset State 0
TB1RGOH |bit Symbol -
(1199H) Read/Write W
Reset State 0
TB1RGL1L |bit Symbol —
(119AH) Read/Write W
Reset State 0
TB1RG1H |bit Symbol -
(119BH) Read/Write W
Reset State 0
Note: A read-modify-write operation cannot be performed for All registers.
Figure 3.13.7 Register for TMRB
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3.13.4 Operation in Each Mode

(1) 16 bit timer mode
Generating interrupts at fixed intervals

In this example, the interrupt INTTBO1 is set to be generated at fixed intervals. The
interval time is set in the timer register TBORG1H/L.

TBORUN «~ - 0 X X - - X 0 Stop TMRBO
INTETBO «~ X 1 0 0 X 0 0 O Enable INTTBO1and set interrupt level 4.
Disable INTTBOO
TBOFFCR «~ 1 1 0 0 0 0 1 1 Disable the trigger
TBOMOD «~ 0 0 1 0 0 1 * = Select internal clock for input and
(**=01, 10, 11) disable the capture function.
TBORGIH/L « * * * * % % % & Set the interval time
* * * * * * * * (16 bitS).
| TBORUN «~ - 0 X X - 1 X 1 Start TMRBO.

X: Don't care, —: No change

(2) 16 bit event counter mode
In 16 bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (TBOINO pin input) as the input clock. Up counter
(UC10) counts up at the rising edge of TBOINO input. To read the value of the counter,
first perform “software capture” once and read the captured value.

_ 7 6 5 4 3 2 1 0
TBORUN «~ - 0 X X - - 0 Stop TMRBO
PPCR « X X 1 - - X Set PP4 to input mode for TBOINO
PPFC «~ - - -1 - - - X
INTETBO «~ X 1 0 0 X 0 0 O Enable INTTBO1 and sets interrupt level 4
Disable INTTBOO
TBOFFCR «~ 1 1 0 0 0 0 1 1 Disable trigger
TBOMOD «~ 0 0 1 0 0 1 0 O Select TBOINO as the input clock
TBORGIH/L « * * * * % x x % Set the number of counts
* * * * * * * * (16 blt)
TBORUN «~ - 0 X X - 1 X 1 Start TMRBO

X: Don't care, —: No change

When used as an event counter, set the prescaler in RUN mode.
(TBORUN <TBOPRUN> = “1”)
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(3) 16-bit programmable pulse generation (PPG) output mode

Square wave pulses can be generated at any frequency and duty ratio. The output
pulse may be either low active or high active.

The PPG mode is obtained by inversion of the timer flip-flop TBOFFO that is enabled
by the match of the up counter UC10 with timer register TBORGOH/L or TBORG1H/L
and is output to TBOOUTO. In this mode the following conditions must be satisfied.

(Value set in TBORGOH/L) < (Value set in TBORG1H/L)
Match with TBORGOH/L
2 (EINV'\II'ITBOO interrupt) /ﬂ ﬂ ﬂ rl ﬂ
Match with TBORG1H/L ﬂ |—| |—| |—|

(INTTBOL1 interrupt)
(

TBOOUTO pin } $+_| I_I I_I I—I

Figure 3.13.8 Programmable Pulse Generation (PPG) Output Waveforms

When the TBORGOH/L double buffer is enabled in this mode, the value of register
buffer 10 will be shifted into TBORGOH/L at match with TBORG1H/L. This feature
facilitates the handling of low-duty waves.

Match with TBORGOH/L rl rl
Up conter = Q1 Up counter = Q2
Match with TBORG1H/L /ﬂ
[ Shift into TBORG1H/L
TBORGOH/L o X Qy
(Value to be compared) I
Register buffer 10 Q2 X Q3

Write into TBORGOH/L

Figure 3.13.9 Operation of double buffer

Note: The values that can be set in TBXRGxH/L range from 0001h to 0000h (equivalent to 10000h). If the maximum

value 000h is set, the match-detect signal goes active when the up-counter overflows.
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The following block diagram illustrates this mode.

TBOOUTO (PPG output)

TBORUN<TBORUN>
Selector
TBOINO —— ,
$TL— 16-bit up counter FIF
oT4— uC10 Clear (TBOFFO)
$T16 —
[
- Match - AV
| 16-bit comparator |—>— | 16-bit comparator |—<
2\ AN
Selector
| TBORGOHIL |
e
AN
TBORGOH/L-WR —>
| Register buffer 0 | | TBORG1H/L |
TBORUN<TBORDE>
¢ Internal data bus {

Figure 3.13.10 Block Diagram of 16-Bit Mode

The following example shows how to set 16-bit PPG output mode:

TBORUN «~ 0 0 X X - - X 0 Disable the TBORGOH/L double buffer and stop TMRBO.
TBORGOH/L « * * * *x % % x & Set the duty ratio
* * * * * * * * (16 blt)
TBORGIH/L « * * * *x % % x & Set the frequency
* * * * * * * * (16 blt)
TBORUN «~ 1 0 X X - 0 X 0 Enable the TBORGOH/L double buffer.
(The duty and frequency are changed on an INTTBO1
interrupt.)
TBOFFCR «~ X X 0 0 1 1 1 O Set the mode to invert TBOFFO at the match with
TBORGOH/L/TBORG1H/L. Set TBOFFO to 0.
TBOMOD «~ 0 0 1 0 0 1 * * Select the internal clock as the input clock and disable
(**=01, 10, 11) the capture function.
— Set PP6 to function as TBOOUTO
PPFC «~ -1 - - - - -
TBORUN « 1 0 X X - 1 X 1 Start TMRBO.

X: Don't care, —: No change
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(4) Application examples of capture function
Used capture function, they can be applied in many ways, for example;
1. One-shot pulse output from external trigger pulse
2.  Frequency measurement

3. Pulse width measurement

1. One-shot pulse output from external trigger pulse

Set the up counter UC10 in free-running mode with the internal input clock,
input the external trigger pulse from TBOINO pin, and load the value of up
counter into capture register TBOCPOH/L at the rising edge of the TBOINO pin.

When the interrupt INT6 is generated at the rising edge of TBOINO input, set
the TBOCPOH/L value (c) plus a delay time (d) to TBORGOH/L (=c+d), and set the
above set value (c+d) plus a one-shot pulse width (p) to TBORG1H/L (=c+d+p).

The TBOFFCR<TBOE1T1, TBOEOT1> register should be set “11” and that the
TBOFFO inversion is enabled only when the up counter value matches
TBORGOH/L or TBORG1H/L. When interrupt INTTBO1 occurs, this inversion will
be disabled after one-shot pulse is output.

The (c), (d) and (p) correspond to ¢, d, and p in the Figure 3.13.11.

(, Set the counter in free-running mode.

Count clock T TN nnnn..__. J1T O]

(Prescaler output clock) c

TBOINO pin input

(External trigger pulse) § Load to capture registesr 0 (TBOCPOH/L)
INT6 occured

Al

Match with TBORGOH/L

/INTTBOl occured

/l

Inversion
enable

- - - " -
Disable inversion \ | Inversion
(o}

Match with TBORG1H/L

caused by loading into\ |enable
) ) BOCPOH/L ‘
Timer output pin TBOOUTO !
)
' Delay time Pulse width
1
r

(d) )

Figure 3.13.11 One-shot Pulse Output (with delay)
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Example: To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to TBOINO pin
*Clock state

System clock : fsys
Prescaler clock : fsys/4

Main setting

. Free-running
—_— Count with ¢T1

TBOMOD « X X 1 0 1 0 0 1

Load to TBOCPOHY/L at the rising edge of TBOINO
TBOFFCR «~ X X 0 0 0 0 1 O

‘—’—‘ =L . Clear TBOFFO to “0"
Disable TBOFFO inversion

PPFC «~ -1 - - - - - X . )
Select PP6 as TBOOUTO pin (port setting)
INTE5S6 «~ X 1 0 0 X - - - Enable INT6
| INTETBO «~ X 0 0 0 X 0 O Disable INTTBOO, INTTBO1
TBORUN « - 0 X X - 1 X 1 Start TMRBO

Setting in INT6 routine

TBORGOH/L <« TBOCPOH/L + 3ms/¢T1
TBORG1IH/L <« TBORGOH/L + 2ms/¢T1
TBOFFCR « X X - -1 1 - -
L— _____  Enable TBOFFO inversion when the up counter value
matches TBORGOH/L or TBORG1H/L
| INTETBO « X 1 0 0 X 0 0 O Enable INTTBO1

Setting in INTTBO1 routine

TBOFFCR « X X - - 0 0 - -
L=, Disable TBOFFO inversion when the up counter value
matches TBORGOH/L or TBORG1H/L
INTETBO «~ X 0 0 0 X 0 0 O Disable INTTBO1

X: Don't care, —: No change

When delay time is unnecessary, invert timer flip-flop TBOFFO when the up counter
value is loaded into capture register (TBOCPOH/L), and set the TBOCPOH/L value (c)
plus the one —shot pulse width (p) to TBORG1H/L when the interrupt INT6 occurs. The
TBOFFO inversion should be enabled when the up counter (UC10) value matched
TBORG1H/L, and disabled when generating the interrupt INTTBO1.
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(Proscaler L I
(Prescaler output clock ) — UL ____ — [ | H ) 6 ) U ) S,
TBOINO iput Load into capture register 0 (TBOCPOH/L) I

(External trigger pulse) N INT6 occured

Load into capture register 1 (TBOCP1H/L)

~> INTTBO1 occured

j

Match with TBORG1H/L

1
Inversion enable( |

Pulse width

/

Enak_JIe inversioncaused by () Disable inversion caused by loading into
loading to TBOCPOH/L TBOCP1H/L

Timer output pin TBOOUTO \i
1
1
1

Figure 3.13.12 One-shot Pulse Output (without delay)

2. Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TBOINO pin, and its frequency is measured by the 8 bit timers
TMRAO1 and the 16 bit timer/event counter (TMRBO).

The TBOINO pin input should be selected for the input clock of TMRBO. Set to
TBOMOD<TBOCPM1:0>="11". The value of the up counter is loaded into the
capture register TBOCPOH/L at the rising edge of the timer flip-flop TA1FF of 8bit
timers (TMRAO1), and TBOCP1H/L at its falling edge.

The frequency is calculated by the difference between the loaded values in
TBOCPOH/L. and TBOCP1H/L when the interrupt (INTTAO or INTTAL) is
generated by either 8 bit timer.

Count clock JJ-IJJ:JJ“” _____ o _”J(-I:Jz-lﬂ ___________

(TBOINO pin input)

TALFF ! | ! .

| ' ' !
1

Loading to TBOCPOH/L (€1 : !-|C1 :
! |

I | [}

- \ I ﬂCZ | [lc2
Loading to TBOCP1H/L \ T ! : .
1 1 . .
INTTAO/INTTAL I | ] l

Figure 3.13.13 Frequency Measurement

For example, if the value for the level 1 width of TA1FF of the 8 bit timer is set
to 0.5[s] and the difference between TBOCPOH/L and TBOCP1H/L is 100, the
frequency will be 100/0.5[s] =200[Hz].

Note: The frequency in this examole is calculated with 50% duty.
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3.

Count clock

Pulse width measurement

This mode allows measuring the H level width of an external pulse. While
keeping the 16 bit timer/event counter counting (free-running) with the internal
clock input, the external pulse is input through the TBOINO pin. Then the capture
function is used to load the UC10 values into TBOCPOH/L: and TBOCP1H/L at the
rising edge and falling edge of the external trigger pulse respectively. The
interrupt INT6 occurs at the falling edge of TBOINO.

The pulse width is obtained from the difference between the values of
TBOCPOH/L and TBOCP1H/L and the internal clock cycle.

For example, if the internal clock is 0.8[us] and the difference between
TBOCPOH/L and TBOCP1H/L is 100, the pulse width will be 100 x 0.8[us] =80us

Additionally, the pulse width which is over the UC10 maximum count time
specified by the clock source can be measured by changing software.

(Prescaler ouptut clock) Cc1 c2

TBOINO pin input
(External pulse)

Loading to TBOCPOH/L

Loading to TBOCP1H/L \

INT6

L[
[

L]
(@]
N
s e Rl R
(@]
N

Figure 3.13.14 Pulse Width Measurement

Note: Only in this pulse width measuring mode(TBOMOD<TBOCPM1:0>= “10"), external interrupt INT6 occurs at the

falling edge of TBOINO pin input. In other modes, it occurs at the rising edge.

The width of Li level can be measured by multiplying the difference between the
first C1 and the second CO at the second INT6 interrupt and the internal clock
cycle together.
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3.14 Serial Channels (SIO)

The TMP92CF30 include 2 serials I/O channel (SIO0 and SIO1). For channels either UART
mode (Asynchronous transmission) or I/O interface mode (Synchronous transmission) can be
selected. And, SIO0 and SIO1 include data modulator that supports the IrDA 1.0 infrared data
communication specification.

e I/O interface mode —— Mode 0:  For transmitting and receiving I/O data using the
synchronizing signal SCLK for extending I/0.

Mode 1: 7-bit data
¢ UART mode Mode 2: 8-bit data
Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has a wakeup function for making
the master controller start slave controllers via a serial link (A multi-controller system).

Figure 3.14.1 is block diagrams for each channel.

Each channel is compounded mainly prescaler, serial clock generation circuit, receiving
buffer and control circuit, transmission buffer and control circuit.

Each channel can be used independently.
Each channel operates in the same fashion except for the following points; hence only the

operation of channel 0 is explained below.

Table 3.14.1 Differences between Channels 0 to 1

Channel 0 Channel 1
Pin name TXDO (P90 or PP3) TXD1 (P90 or PP3)
RXDO (P91 or PP4) RXD1 (P91 or PP4)
CTSO0 , SCLKO (P92 or PP5) CTS1, SCLK1 (P92 or PP5)
IrDA mode Yes Yes
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Mode 0 (I/O interface mode)

T wioX 1 X2 X3XaXs5Xe X7
<— Transfer direction
Mode 1 (7-bit UART mode)
No parity _-_\Start,<BitOX 1 X 2 X 3 X 4 X 5 X 6 YStop
Parity " \startfBitoX 1 X 2 X 3 X 4 X 5 X 6 Xariy/Stop
Mode 2 (8-bit UART mode)
Noparity — ~~ \start{BitoX 1 X 2 X 3 X 4 X5 X 6 X 7 Ystop
Parity " \startfBitoX 1 X 2 X 3 X 4 X5 X 6 X 7 Xpariy/stop
Mode 3 (9-bit UART mode)
" \start{BitoX 1 X 2 X3 X4 X5 X6 X7 X8 Ystop

wakeup \StartBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 XBitsYstop

When bit8 = 1, Address (Select code) is denoted.
When bit8 = 0, Data is denoted.

Figure 3.14.1 Data Formats
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3.14.1 Block Diagram
Prescaler
¢10 +—— 2 [ 4| 8]16[32]64|
Vool
oT2  §T8 ¢T32
~ - Serial clock generation circuit - - - - - __________________ .
1
: BROCR<BROCKL1:0> TAOTRG |
| (from TMRAO) |
| |
1 1
1 1
1 1
1 | 1
: ; ' :
— ) 1
! 8 ks : s | vArRT | 5 |
| e 2 ! S | mode | © | ,SIOCLK
1 (%) E 1 Q Q 1
| 1 o) ] )
I ) | n n ]
1 \ 1 1
| ! ' |
1 ! BROCR ! |
: | <BROADDE> : f1 1 |
' ‘\-—. Baud rate generator {--i SCOMODO0 SCOMODO
fio ! <SC1:0> <SM1:.0> |
1 1
1 —_ 1
1 o 1
1 (8] 1
_ : 2] 3 !
SCLKO input [+ 9 11/0 interface mode |
| |
L 1
SCOCR
. <loC>
I/0 interface mode
SCLKO output [} INT request
INTRXO0
| INTTXO0
Receive counter | | SCOMODO | Serial channel Trigir::tl::on
(UART only + 16) | [<WU> interrupt control (UART only + 16)
RXDCLK | 1 ™xock | ]
SCOMODOQ|  Receive Transmission [
<RXE> control control <_CG:“"‘E| CTso
SCOCR
<PE> <EVEN> SCOMODO
<CTSE>
RXDO [ IReceive buffer 1 (Shift register)| | Parity control |
| RB8 | Receive buffer 2 (SCOBUF) | Error flag | | TB8 | Transmission buffer (SCOBUF) |——>|:| TXDO
I I I
SCOCR
<OERRI> <PEII:{R> <FERR>
A4 v
! Internal data bus {
Figure 3.14.2 SIOO0 Block Diagram
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Prescaler
010 +——{ 2| 4] 8 ]16[32[64]
Vol
#T2  ¢T8 ¢T32
- -Serial clock generation circuit - - - - _______________________ .
1 1
! BR1CR<BR1CK1:0> TALTRG '
I (from TMRAO) !
' e ___
1 BR1CR BR1ADD | '
| <BR1S3:0> <BR1K3:.0>! :
1
1 ! !
1
LgT0 - | i
| 0T2 2 ® ! = | UART | = | ¢
! o 2 | 8 | mode | 8 | Isioctk
oTe ) 3 ¢ . 5 5
1
! §T32 — ! 3 3 |
1 \ H '
1 | M '
! 1
1 BR1CR ! 1
| : <BR1ADDE> | 11 (I !
[ .--- Baud rate generator |- SC1MODO SC1MODO!
¢ l <SC1:0> <SM1:0> ,
10T, 1
1 1
1 1
1 = !
1 I=] :
1 (8]
. ! —| +2 % i
SCLK1 input [ 9 [1/0 interface mode !
| |
| M
SCI1CR
. <loC>
I/O interface mode
SCLK1 output ] Il\:l&;q;fst
| INTTX1
Receive counter | [SC1IMODO | Serial channel Tracrg)ir:ti:;on
(UART only + 16) | [<WU> interrupt control (UART only + 16)
RXDCLK | i m™ock 1]
e
SCIMODOQ|  Receive Transmission [
<RXE> control control <_CG:“"‘E| CTS1
SCICR
<PE> <EVEN> SC1MODO
l l <CTSE>
RXD1 [ IReceive buffer 1 (Shift register)| | Parity control |
| RB8 | Receive buffer 2 (SCOBUF) | Error flag | | TB8 | Transmission buffer (SC1BUF) |——>|:| TXD1
I
SCICR
<OERRI> <PE||?R> <FERR>
N
{ Internal data bus ¢
Figure 3.14.3 SIO1 Block Diagram
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3.14.1.1 Block Diagram
Figure 3.14.4 shows the connection image for SIO circuits in TMP92CF30.
SIO circuit are built-in 2c¢h, it can set each signal to P90, P91, P92 or PP3, PP4, PP5.

$T0 > —P INTRXO (to INTC)
— —0
fio —bs > INTTXO (to INTC) S o—1-mre
O SI00 o
L—o—"|0— SCLKO input 3 so—r—xpot
O—SCLKO output 0— « [JCTS0
) —O0——[] P92
—— RXDO input  [— —0 TXD0 ——
{ Internal data bus !
¢TO0 4> B o
~ o—1PP3
f ©
S — INTRX1 (to INTC)
. —o0
O-1——SCLK1 input [J— —> INTTX1 (to INTC) — o———[1PP4
—0~ 01— SCLK1 outputT—
o outputLi—r Slo1
= Lo
—O0———[0PP5
L0
<] CTS1——
RXD1 input [}— —>[] TXD1

Figure 3.14.4 Connection images of internal circuit and external port

Notel: Figure 3.14.4 shows connection image. The circuit compounds and a setting procedure Refer to section of
Port.

Note2: When shifting extrernal port, shift port after stop internal circuits completely.
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3.14.2 Operation of Each Circuit

(1) Prescaler

There is a 6-bit prescaler for generating a clock to SIO0. The prescaler can be run by
selecting the baud rate generator as the serial transfer clock.

Table 3.14.2 shows prescaler clock resolution into the baud rate generator.

Table 3.14.2 Prescaler Clock Resolution to Baud Rate Generator

Baud Rate Generator input clock
Clock gear
SIO Prescaler
- SYSCR1 -
BROCR<BROCK1:0>
<GEARZ2:.0>
dTO(1/1) 0T2(1/4) 0T8(1/16) | $6T32(1/64)
000(1/1) fc/4 fc/16 fc/64 fc/256
001(1/2) fc/8 fc/32 fc/128 fc/512
fc 010(1/4) 1/4 fc/16 fc/64 fc/256 fc/1024
011(1/8) fc/32 fc/128 fc/512 fc/2048
100(1/16) fc/64 fc/256 fc/1024 fc/4096

The baud rate generator selects between 4-clock inputs: ¢TO, ¢T2, ¢T8, and ¢T32
among the prescaler outputs.

92CF30-288 2009-06-12



TOSHIBA TMP92CF30

(2) Baud rate generator
The baud rate generator is the circuit which generates transmission/receiving clock

and determines the transfer rate of the serial channels.

The input clock to the baud rate generator, $TO, ¢T2, ¢T8 or ¢$T32, is generated by
the 6-bit prescaler which is shared by the timers. One of these input clocks is selected
using the BROCR<BROCK1:0> field in the baud rate generator control register.

The baud rate generator includes a frequency divider, which divides the frequency by
1 or N + (16 — K)/16 to 16 values, thereby determining the transfer rate.

The transfer rate is determined by the settings of BROCR<BROADDE, BR0S3:0> and
BROADD<BROKS3:0>.

<In UART mode>
When BROCR<BROADDE> = “0”

The settings BROADD<BROK3:0> are ignored. The baud rate generator divides
the selected prescaler clock by N, which is set in BROCK<BR0S3:0>. N =1, 2, 3 ...
16)

When BROCR<BROADDE> = “1”

The N + (16 — K)/16 division function is enabled. The baud rate generator divides
the selected prescaler clock by N + (16 — K)/16 using the value of N set in
BROCR<BRO0S3:0> (N =2, 3 ... 15) and the value of K set in BROADD<BROK3:0> (K
=1,2,3..15)

Note: If N =1 or N = 16, the N + (16 — K)/16 division function is disabled. Clear BROCR<BROADDE> to “0".

<In I/O interface mode>

The N + (16 — K)/16 division function is not available in I/O interface mode. Clear
BROCR<BROADDE> to “0” before dividing by N.

The method for calculating the transfer rate when the baud rate generator is used is
explained below.

° In UART mode

Input clock of baud rate generator .
Frequency divider for baud rate generator

Baud rate =

° In I/O interface mode

Input clock of baud rate generator .
Frequency divider for baud rate generator

Baud rate =
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<Integer divider (N divider)>

For example, when the source clock frequency (f.) is 19.6608 MHz, the input clock is
¢T2, the frequency divider N (BROCR<BR0S3:0>) = 8, and BROCR<BROADDE> = “0”,
the baud rate in UART Mode is as follows:

*Clock state [Clock gear 111
Input clock of baud rate generator
Baud Rate = — +16
Frequency divider for baud rate generator
fc/16
—e= 16
8

=19.6608 x 10° + 16 + 8 + 16 = 9600 (bps)
Note: The N + (16 — K) / 16 division function is disabled and setting BROADD <BROK3:0> is invalid.

<N+(16-K)/16 divider (UART Mode only)>

Accordingly, when the source clock frequency (fc) = 15.9744 MHz, the input clock is
¢T2, the frequency divider N (BROCR<BRO0S3:0>) = 6, K (BROADD<BROK3:0>) = 8,
and BROCR <BROADDE> = “1”, the baud rate in UART Mode is as follows:

* Clock state E:Iock gear 11/1
Input clock of baud rate generator
Baud Rate = +16
Frequency divider for baud rate generator
fc /16
= 16-8) + 16
6 + (16-8)
16
8

=15.9744 x 10° + 16 = (6 + o ) =+ 16 = 9600 (bps)

1

Table 3.14.3 show examples of UART Mode transfer rates.

Additionally, the external clock input is available in the serial clock. (Serial Channel
0). The method for calculating the baud rate is explained below:

o In UART Mode

Baud rate = external clock input frequency + 16

It is necessary to satisfy (external clock input cycle) > 4/fsys
o In I/O Interface Mode

Baud rate = external clock input frequency

It is necessary to satisfy (external clock input cycle) > 16/fsys
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Table 3.14.3 Transfer Rate Selection Unit (kbps)
(When baud rate generator is used and BROCR<BROADDE> = “0")
Input Clock ¢TO 0T2 ¢T8 $T32
fsvs IMHZ] | - lency Divider N (fsys/4) (fsys/16) | (fsys/64) | (fsys/256)
SYS SYS! SYS SYS

7.3728 1 115.200 28.800 7.200 1.800
1 3 38.400 9.600 2.400 0.600

1 6 19.200 4.800 1.200 0.300

1 A 11.520 2.880 0.720 0.180

1 C 9.600 2.400 0.600 0.150

1 F 7.680 1.920 0.480 0.120
9.8304 1 153.600 38.400 9.600 2.400
1 2 76.800 19.200 4.800 1.200

1 4 38.400 9.600 2.400 0.600

1 5 30.720 7.680 1.920 0.480

1 8 19.200 4.800 1.200 0.300

1 0 9.600 2.400 0.600 0.150
44.2368 6 115.20 28.800 7.200 1.800
1 9 76.800 19.200 4.800 1.200
58.9824 2 460.800 115.200 28.800 7.200
1 3 307.200 76.800 19.200 4.800

1 5 184.320 46.080 11.520 2.880

1 6 153.600 38.400 9.600 2.400

1 8 115.200 28.800 7.200 1.800

1 C 76.800 19.200 4.800 1.200

1 F 61.440 15.360 3.840 0.960
73.728 1 1152.000 288.000 72.000 18.000
1 3 384.000 96.000 24.000 6.000

T 6 192.000 48.000 12.000 3.000

1 A 115.200 28.800 7.200 1.800

T C 96.000 24.000 6.000 1.500

0 F 76.800 19.200 4.800 1.200

Notel: Transfer rates in I/O interface mode are eight times faster than the values given above.

In UART mode, TMRA match detect signal (TAOTRG) can be used for serial
transfer clock.

Method for calculating the timer output frequency which is needed when outputting

trigger of timer

TAOTRG frequency =

Note2: The TMRAO match detect signal cannot be used as the transfer clock in I/O Interface mode.

Baud rate x 16
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(3) Serial clock generation circuit
This circuit generates the basic clock for transmitting and receiving data.
e In I/O Interface Mode

In SCLK Output Mode with the setting SCOCR<IOC> = “0”, the basic clock is
generated by dividing the output of the baud rate generator by 2, as described
previously.

In SCLK Input Mode with the setting SCOCR<IOC> = “1”, the rising edge or falling
edge will be detected according to the setting of the SCOCR<SCLKS> register to
generate the basic clock.

e In UART Mode

The SCOMODO <SC1:0> setting determines whether the baud rate generator
clock, the internal clock fio, the match detect signal from timer TMRAO or the
external clock (SCLKO) is used to generate the basic clock SIOCLK.

(4) Receiving counter

The receiving counter is a 4-bit binary counter used in UART Mode, which counts up
the pulses of the SIOCLK clock. It takes 16 SIOCLK pulses to receive 1 bit of data; each
data bit is sampled three times - on the 7th, 8th and 9th clock cycles.

The value of the data bit is determined from these three samples using the majority
rule.

For example, if the data bit is sampled respectively as “1”, “0” and “1” on 7th, 8th and
9th clock cycles, the received data bit is taken to be 1. A data bit sampled as “0”, “0” and
“1” 1s taken to be “0”.

(5) Receiving control
e In I/O Interface Mode

In SCLK Output Mode with the setting SCOCR<IOC> = “0”, the RXDO signal is
sampled on the rising or falling edge of the shift clock which is output on the
SCLKO pin, according to the SCOCR<SCLKS> setting.

In SCLK Input Mode with the setting SCOCR<IOC> = “1”, the RXDO signal is
sampled on the rising or falling edge of the SCLKO input, according to the
SCOCR<SCLKS> setting

e In UART Mode

The receiving control block has a circuit, which detects a start bit using the
majority rule. Received bits are sampled three times; when two or more out of
three samples are 0, the bit is recognized as the start bit and the receiving
operation commences.

The values of the data bits that are received are also determined using the
majority rule.
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(6)

Notel:
Note2:

(7

8

The Receiving Buffers

To prevent Overrun errors, the Receiving Buffers are arranged in a double-buffer
structure.
Received data is stored one bit at a time in Receiving Buffer 1 (which is a shift register).
When 7 or 8 bits of data have been stored in Receiving Buffer 1, the stored data is
transferred to Receiving Buffer 2 (SCOBUF); this causes an INTRXO interrupt to be
generated. The CPU only reads Receiving Buffer 2 (SCOBUF). Even before the CPU
reads receiving Buffer 2 (SCOBUF), the received data can be stored in Receiving Buffer
1. However, unless Receiving Buffer 2 (SCOBUF) is read before all bits of the next data
are received by Receiving Buffer 1, an overrun error occurs. If an Overrun error occurs,
the contents of Receiving Buffer 1 will be lost, although the contents of Receiving
Buffer 2 and SCOCR<RB8> will be preserved.
SCOCR<RB8> is used to store either the parity bit - added in 8-Bit UART Mode - or the
most significant bit (MSB) - in 9-Bit UART Mode.
In 9-Bit UART Mode the wake-up function for the slave controller is enabled by setting
SCOMODO<WU> to “1”; in this mode INTRXO interrupts occur only when the value of
SCOCR<RBS8>is “1”.

SIO interrupt mode is selectable by the register SIMC.

The double buffer structure does not support SCOCR<RB8>.
If the CPU reads receive buffer 2 while data is being transferred from receive buffer 1 to receive buffer 2, the
data may not be read properly. To avoid this situation, a read of receive buffer 2 should be triggered by a

receive interrupt.

Notes for Using Receive Interrupts

¢ Receive interrupts can be detected either in level or edge mode. For details, see the
description of the SIO/SEI receive interrupt mode select register SIMC in the
section on interrupts.

e When receive interrupts are set to level mode, once an interrupt occurs, the same
interrupt will occur repeatedly even after control has jumped to the interrupt
routine unless interrupts are disabled.

Transmission counters

The transmission counter is a 4-bit binary counter used in UART Mode and which,
like the receiving counter, counts the SIOCLK clock pulses; a TXDCLK pulse is
generated every 16 SIOCLK clock pulses.

TXDCLK

15 16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

Figure 3.14.5 Generation of the transmission clock
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(9) Transmission controller
e In I/O Interface Mode

In SCLK Output Mode with the setting SCOCR<IOC> = “0”, the data in the
Transmission Buffer is output one bit at a time to the TXDO pin on the rising edge
or falling of the shift clock which is output on the SCLKO pin, according to the
SCOCR<SCLKS> setting.

In SCLK Input Mode with the setting SCOCR<IOC> = “1”, the data in the
Transmission Buffer is output one bit at a time on the TXDO pin on the rising or
falling edge of the SCLKO input, according to the SCOCR<SCLKS> setting.

e In UART Mode

When transmission data sent from the CPU is written to the Transmission
Buffer, transmission starts on the rising edge of the next TXDCLK.
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Handshake function

Use of CTSO pin allows data can to be sent in units of one frame; thus, overrun
errors can be avoided. The handshake functions is enabled or disabled by the
SCOMOD<CTSE> setting.

When the CTSO pin goes high on completion of the current data send, data
transmission is halted until the CTSO pin goes low again. However, the INTTX0
interrupt is generated, and it requests the next data send to from the CPU. The
next data is written in the transmission buffer and data sending is halted.

Though there is no RTS pin, a handshake function can be easily configured by
setting any port assigned to be the RTS function. The RTS should be output
“high” to request send data halt after data receive is completed by software in the
RXD interrupt routine.

TMP92CF30 TMP92CF30
TXD RXD
CTSO0 RTS (Any port)
Sender Receiver

Figure 3.14.6 Handshake function

Timing to writing to the
transmission buffer _’_\_('(, ()
(«

CTS0 :>T/ Send is 's'uspended1\
1) from (1) and (2) @)

13 14 15
SIOCLK __%__” ﬂ ﬂ

TXDCLK 5()
(‘l
] \ Start bit

ARk
!

{(
1)

16

=
(&)
=
[e)]

i

/N

T

A hitd

Note 1: If the CTSO signal goes High during transmission, no more data will be sent after completion of the current

TXD

—

{
}

transmission.
Note 2: Transmission starts on the first falling edge of the TXDCLK clock after the CTS0 signal has fallen.

Figure 3.14.7 CTS0 (Clear to send) Timing
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(10) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU in order from the least significant bit (LSB). When all the bits
are shifted out, the transmission buffer becomes empty and generates an INTTXO0
interrupt.

(11) Parity control circuit

When SCOCR<PE> in the serial channel control register is set to “1”, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART mode or 8-bit UART mode. The SCOCR<EVEN> field in the serial channel
control register allows either even or odd parity to be selected.

In the case of transmission, parity is automatically generated when data is written
to the transmission buffer SCOBUF. The data is transmitted after the parity bit has
been stored in SCOBUF<TB7> in 7-bit UART mode or in SCOMODO<TBS8> in 8-bit
UART mode. SCOCR<PE> and SCOCR<EVEN> must be set before the transmission
data is written to the transmission buffer.

In the case of receiving, data is shifted into receiving buffer 1, and the parity is added
after the data has been transferred to receiving buffer 2 (SCOBUF), and then compared
with SCOBUF<RB7> in 7-bit UART mode or with SCOCR<RB8> in 8-bit UART mode.
If they are not equal, a parity error is generated and the SCOCR<PERR> flag is set.

(12) Error flags
Three error flags are provided to increase the reliability of data reception.
1. Overrun error <OERR>

If all the bits of the next data item have been received in receiving buffer 1 while
valid data still remains stored in receiving buffer 2 (SCOBUF), an overrun error is
generated.

The below is a recommended flow when the overrun error is generated.
(INTRX interrupt routine)
1) Read receiving buffer
2) Read error flag
3) If <OERR> = “1”
then
a) Set to disable receiving (Write “0” to SCOMODO<RXE>)
b) Wait to terminate current frame
¢) Read receiving buffer
d) Read error flag
e) Set to enable receiving (Write “1” to SCOMODO<RXE>)
f) Request to transmit again
4) Others

Note: Overrun errors are generated only with regard to receive buffer 2 (SCOBUF). Thus, if SCOCR<RB8> is not read,

no overrun error will occur.
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2. Parity error <PERR>

The parity generated for the data shifted into receiving buffer 2 (SCOBUF) is
compared with the parity bit received via the RXD pin. If they are not equal, a
parity error is generated.

Note: The parity error flag is cleared every time it is read. However, if a parity error is detected w¥twice in succession
and the parity error flag is read between the two parity errors, it may seem as if the flag had not been cleared.

To avoid this situation, a read of the parity error flag should be riggered by a receive interrupt.

3. Framing error <FERR>

The stop bit for the received data is sampled three times around the center. If
the majority of the samples are “0”, a Framing error is generated.

(13) Timing generation
a. In UART Mode

Receiving
Mode (ﬁl'(ig) 8'83\;); S| 8-Bit, 7-Bit + Pariy, 7-Bit
Interrupt timing Center of last bit Center of last bit Center of stop bit
(bit 8) (parity bit)
Framing error timing Center of stop bit Center of stop bit Center of stop bit
Parity error timing . Center of last bit Center of stop bit
(parity bit)
Overrun error timing Center of last bit Center of last bit Center of stop bit
(bit 8) (parity bit)

Note: In 9-Bit and 8-Bit + Parity Modes, interrupts coincide with the ninth bit pulse.
Thus, when servicing the interrupt, it is necessary to wait for a 1-bit period (to allow the stop bit to be

transferred) to allow checking for a framing error.

Transmitting
Mode 9-Bit 8-Bit + Parity | 8-Bit, 7-Bit + Parity, 7-Bit
Interrupt timing Just before stop bit is | Just before stop bitis | Just before stop bit is
transmitted transmitted transmitted

b. I/O interface

Transmission | SCLK Output Mode [ Immediately after last bit. (See Figure 3.14.20.)

Interrupt SCLK Input Mode Immediately after rise of last SCLK signal Rising Mode, or

timing immediately after fall in Falling Mode. (See Figure 3.14.21.)

Receiving SCLK Output Mode | Timing used to transfer received to data Receive Buffer 2 (SCOBUF)

Interrupt (i.e. immediately after last SCLK). (See Figure 3.14.22.)

timing SCLK Input Mode Timing used to transfer received data to Receive Buffer 2 (SCOBUF)
(i.e. immediately after last SCLK). (See Figure 3.14.23.)
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3.14.3 SFR

SCOMODO
(1202H)

5 4

Bit symbol

TB8

CTSE

RXE wu

SM1

SMO SC1

SCO

Read/Write

R/W

Reset State

0

0

0 0

o |

0 o |

0

Function

Transfer
data bit 8

Hand shake

0: CTS
disable

1. CTS
enable

Receive

function

0: Receive
disable

1: Receive
enable

Wake up
function

0: disable
1: enable

Serial Transmission

Mode

00: I/O interface Mode
01: 7-bit UART Mode
10: 8-bit UART Mode
11: 9-bit UART Mode

(UART)

TAOTRG

(SCLKO input)

Serial transmission clock
00: TMRAO trigger
01: Baud rate generator

10: Internal clock fio
11: External clock

I

—— Serial transmission clock source (UART)

00

TMRAO match detect signal

01

Baud rate generator

10

Internal clock fio

11

External clock (SCLKO input)

Note: The clock selection for the 1/0
interface mode is controlled by the
serial bontrol register (SCOCR).

——> Serial Transmission Mode

00

1/0 Interface Mode

11

01
10

7-bit mode

UART mode

8-bit mode

9-bit mode

Wake-up function

9-Bit UART

Other Modes

Interrupt generated
whenever data is received

1

Interrupt generated only
when <RB8> =*1"

Don’t care

Rec

eiving Function

Receive disabled

Receive enabled

dshake function (CTSO pin)

Disabled (always transferable)

Enabled

Transmission data bit 8

Figure 3.14.8 Serial Mode Control Register (channel 0, SCOMODO)

92CF30-298

2009-06-12



TOSHIBA TMP92CF30
7 6 5 4 3 2 1 0
SC1MODO|Bit symbol TB8 CTSE RXE Wu SM1 SMO SC1 SCO
(120AH)  |Read/Write RIW
Reset State 0 0 0 0 0 | 0 0 | 0
Function Transfer Hand shake |Receive Wake up |Serial Transmission Serial transmission clock
data bit 8 0: CTS function function Mode (UART)
disable 0: Receive |0: disable |00: I/O interface Mode [00: *TMRAO trigger
1: CTS disable |1: enable |01: 7-bit UART Mode TAOTRG
enable 1: Receive 10: 8-bit UART Mode |01: Baud rate generator
enable 11: 9-bit UART Mode  |10: Internal clock fio
11: External clock
(SCLK1 input)
]
——> Serial transmission clock source (UART)

00 | TMRAO match detect signal

01 | Baud rate generator

10 [ Internal clock fio

11 [ External clock (SCLK1 input)

Note: The clock selection for the I/O
interface mode is controlled by the
serial bontrol register (SC1CR).

—> Serial Transmission Mode
00 | I/O Interface Mode
101 | 7-bit mode
|10 | UART mode | 8-bit mode
11 9-bit mode
L—— Wake-up function
9-Bit UART Other Modes
0 Interrupt generated
whenever data is received
Don't care
1 Interrupt generated only
when <RB8> =“1"

Rec

eiving Function

Receive disabled

Receive enabled

dshake function (CTSL1 pin)

Disabled (always transferable)

Enabled

Transmission data bit 8

Note: SIO1 can input SIO1 source clock from timer, however, it is possible to use only TMRAO same with timer of

SIO0. Timer differ with SIO0 cannot use. Please be careful.

Figure 3.14.9 Serial Mode Control Register (channel 1, SC1IMODO)
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7 6 5 4 3 2 1 0

SCOCR bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1201H) Read/Write R R/W R (cleared to 0 when read) R/W

Reset State | Undefined 0 0 o | o | o 0 0
Aread Function Received |Parity Parity 0: SCLKO |0: baud rate
-modify-write data bit8  |0: odd addition 1: error [ F ] generator
operation l:even  |0: disable 1: SCLKO
cannot be . : ini

1: enable Overrun Parity Framing 1: SCLKO pin input
performed
)

— |

|—> 1/0 interface input clock selection

0 | Baud rate generator
1 | SCLKO pin input

I Edge selection for SCLK pin (Input / Output Mode)

0 Transmits and receives [ r]

data on rising edge of SCLKO.

Transmits and receives
1 1
data on falling edge SCLKO. [ ]

— > Framing Error flag
— > Parity Error flag

Overrun Error flag

Cleared to “0”
when read

Parity addition enables

0 | Disabled
1 | Enabled

Even parity addition/check

0 | Odd parity
1 | Even parity

Received data 8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.14.10 Serial Control Register (channel 0, SCOCR)
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7 6 5 4 3 2 1 0

SC1CR bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
(1209H) Read/Write R R/W R (cleared to 0 when read) R/W

Reset State | Undefined 0 0 o | o | o 0 0
Aread Function Received  |Parity Parity 0: SCLK1 |0: baud rate
-modify-write data bit8  |0: odd addition 1: error [ F ] generator
operation l:even  |0: disable 1: SCLK1
cannot be . : ini

1: enable Overrun Parity Framing 1: SCLK1 pin input

performed [ ]

— |

|—> 1/0 interface input clock selection

0 | Baud rate generator
1 | SCLK1 pin input

I Edge selection for SCLK pin (Input / Output Mode)

0 Transmits and receives [ r]

data on rising edge of SCLK1.

Transmits and receives
1 1
data on falling edge SCLK1. [ ]

— > Framing Error flag
— > Parity Error flag

Overrun Error flag

Cleared to “0”
when read

Parity addition enables

0 | Disabled
1 | Enabled

Even parity addition/check

0 | Odd parity
1 | Even parity

Received data 8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.14.11 Serial Control Register (channel 1, SC1CR)
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7 6 4 3 2 1 0
BROCR |Bit symbol — BROADDE | BROCK1 | BROCKO BROS3 BR0OS2 BROS1 BROSO
(1203H) |Read/Write R/W
Reset State 0 0 | o o | o | o | o
Function Always +(16-K)/16 [00: $TO Divided frequency setting
write “0” division 01: ¢T2
0: Disable [10: ¢T8
1: Enable |11: ¢T32
[ I
+(16-K)/16 division enable Setting the input clock of baud rate generator
0 [ Disable 00 | Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2
10 [ Internal clock ¢T8
11 | Internal clock ¢T32
7 6 5 4 3 2 1 0
BROADD [bit Symbol BROK3 BROK2 BROK1 BROKO
(1204H) |Read/Write R/W
Reset State 0 | 0 | 0 | 0
Function Sets frequency divisor “K”
(divided by N + (16-K) / 16)
Sets baud rate generator frequency divisor
BROCR<BROADDE> = “1" BROCR<BROADDE> = “0"
BROCR 0000(N = 16) | 0010 (N=2) | ©001(N=1)(UART only)
<BR0S3:0> or to to
BROADD 0001 (N=1) |1111 (N = 15) 1111(N = 15)
<BROK3:0> 0000(N = 16)
0000 Disable Disable
- Divided by N
0001(K = 1) _ Divided by Y
to Disable
N + (16-K) /16
1111(K = 15)
Notel:Availability of +(16-K)/16 division function
N UART mode I/O mode
2to 15 ©) X
1,16 X X

The baud rate generator can be setto “1” in UART mode only when the +(16-K)/16 division function is not used.
Do not use in I/O interface mode.

Note2:Set BROCR <BROADDE> to “1” after setting K (K = 1 to 15) to BROADD<BROK3:0> when the +(16-K)/16
division function is used. If the unused bits in the BROADD register is written, it does not affect operation. If that

bits is read, it becomes undefined.

Figure 3.14.12 Baud rate generator control (channel 0, BROCR, BROADD)
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7 6 5 4 3 2 1 0
BR1CR [Bit symbol — BR1ADDE | BR1CK1 | BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(120BH) |Read/Write R/W
Reset State 0 0 o | o o | o | o | o
Function Always +(16-K)/16 [00: $TO Divided frequency setting

write “0” division 01: ¢T2
0: Disable [10: ¢T8
1: Enable |11: ¢T32

l

+(16-K)/16 division enable Setting the input clock of baud rate generator
0 [ Disable 00 | Internal clock ¢TO
1 | Enable 01 | Internal clock ¢T2

10 [ Internal clock ¢T8
11 | Internal clock ¢T32

7 6 5 4 3 2 1 0
BR1ADD [bit Symbol BR1K3 BR1K2 BR1K1 BR1KO
(120CH) |Read/Write R/W
Reset State 0 | 0 | 0 | 0
Function Sets frequency divisor “K”
(divided by N + (16-K) / 16)

Sets baud rate generator frequency divisor

BR1CR<BR1ADDE> ="“1" BR1CR<BR1ADDE> = “0"
BR1CR 0000(N = 16) | 0010 (N=2) | 0001(N=1)(UART only)
<BR1S3:0> or to to
BR1ADD 0001 (N=1) | 1111 (N = 15) 1111(N = 15)
<BR1K3:0> 0000(N = 16)
0000 Disable Disable
- Divided by N
0001(K = 1) _ Divided by Y
to Disable
N + (16-K) /16
1111(K = 15)
Notel:Availability of +(16-K)/16 division function
N UART mode I/O mode
21015 O X
1,16 X X

The baud rate generator can be setto “1” in UART mode only when the +(16-K)/16 division function is not used.
Do not use in I/O interface mode.

Note2:Set BR1ICR <BR1ADDE> to “1” after setting K (K = 1 to 15) to BR1IADD<BR1K3:0> when the +(16-K)/16
division function is used. If the unused bits in the BR1ADD register is written, it does not affect operation. If that

bits is read, it becomes undefined.

Figure 3.14.13 Baud rate generator control (channel 1, BR1CR, BR1ADD)
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TB7 TB6 TB5 TB4 TB3 TB2 TB1 TB0 | (Transmission)

SCOBUF
(1200H)
7 6 5 4 3 2 1 0

RB7 RB6 RB5 RB4 RB3 RB2 RB1 rRBo | (Receiving)

Note: Prohibit read-modify-write for SCOBUF.

Figure 3.14.14 Serial Transmission/Receiving Buffer Registers (channel 0, SCOBUF)

7 6 5 4 3 2 1 0
SCOMODL1 | Bit symbol 12S0 FDPX0
(1205H) Read/Write R/IW R/W
Reset State 0 0
Function IDLE2 duplex
0: Stop 0: half
1: Run 1: full

Figure 3.14.15 Serial Mode Control Register 1 (channel 0, SCOMOD1)

TB7 TB6 TB5 TB4 TB3 TB2 TB1 TB0 | (Transmission)

SC1BUF
(1208H)
7 6 5 4 3 2 1 0

RB7 RB6 RB5 RB4 RB3 RB2 RB1 rRBo | (Receiving)

Note: Prohibit read-modify-write for SC1BUF.

Figure 3.14.16 Serial Transmission/Receiving Buffer Registers (channel 1, SC1BUF)

7 6 5 4 3 2 1 0
SC1MODL1 | Bit symbol 12S1 FDPX1
(120DH) Read/Write R/IW R/W
Reset State 0 0
Function IDLE2 duplex
0: Stop 0: half
1: Run 1: full

Figure 3.14.17 Serial Mode Control Register 1 (channel 1, SCIMOD1)
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3.14.4 Operation in each mode

(1) Mode 0 (I/O Interface Mode)

This mode allows an increase in the number of I/O pins available for transmitting
data to or receiving data from an external shift register.

This mode includes the SCLK output mode to output synchronous clock SCLK and
SCLK input mode to input external synchronous clock SCLK.

Output extension

TMP92CF30 Shift register Al TMP92CF30 Shift register Al —
Bl — B|<«—

TXD Sl o] N RXD QH C|l<—

D|— D| <«

SCLK SCK E|— SCLK CLOCK E|<«—

F|l— F|<«

Port RCK G| Port S/L G| —

H| — H| <«

Input extension

Output extension

TMP92CF30 Shift register Al — TMP92CF30 Shift register Al —
B|— B| <

TXD Sl C|l— RXD QH C| <

D|— D| <«

SCLK SCK E|l— SCLK CLOCK E| <

F|— F|<—

Port RCK G|— Port S/t G|«

H|l— H| <«

TC74HC595 or equivalent

Input extension

TC74HC165 or equivalent

Figure 3.14.18 SCLK Output Mode connection example

TC74HC595 or equivalent

— External clock

— External clock

Figure 3.14.19 Example of SCLK Input Mode Connection

TC74HC165 or equivalent
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a. Transmission

In SCLK output mode 8-bit data and a synchronous clock are output on the TXDO
and SCLKO pins respectively each time the CPU writes the data to the Transmission
Buffer. When all data is output, INTESO <ITX0C> will be set to generate the INTTX0
interrupt.

Timing of transmited
data writing n\
SCLKO output

e acen moss) e S s s P s s I sy

SCLKO output imin
(SSCLKS> = “1": ] 1 |_?‘L1 | 1 ’
falling edge mode) !

) 1 1 ) |
TXDO X Bito X Bitl D(j\ X Bite X Bit7

1 ] [ U 1 1
ITX0C ' ' ' ——
(INTTXO interrupt ‘,‘)

request)

Figure 3.14.20 Transmitting Operation in 1/O Interface Mode (SCLKO Output Mode)

In SCLK Input Mode, 8-bit data is output on the TXDO pin when the SCLKO input
becomes active after the data has been written to the Transmission Buffer by the CPU.

When all data is output, INTESO <ITX0C> will be set to generate INTTXO0 interrupt.

SCLKO input
(<SCLKS>="0"
rising edge mode)

SCLKO input
(<SCLKS>="1"
falling edge mode)

TXDO

JL
1L

T
T
=

Bit7

>

Bit0 Bitl Bit6

§
! Bit5
)

-
---S
-

|

ITX0C
(INTTXO intterrupt
regest) (,‘,

Figure 3.14.21 Transmitting Operation in I/O Interface Mode (SCLKO Input Mode)
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Receiving

In SCLK Output Mode the synchronous clock is output on the SCLKO pin and the
data is shifted to Receiving Buffer 1. This is initiated when the Receive Interrupt flag
INTESO<IRXO0C> is cleared as the received data is read. When 8-bit data is received,
the data is transferred to Receiving Buffer 2 (SCOBUF) following the timing shown
below and INTESO<IRX0C> is set to “1” again, causing an INTRXO0 interrupt to be
generated.

Setting SCOMODO<RXE> to “1” initiates SCLKO output.

IRX0C

(INTRXO interrupt
request)

SCLKO output
(<SCLKS> ="“0":
rising edge mode)
SCLKO output

(<SCLKS> ="1"
falling edge mode)
RXDO

~~
=

-
@
o
@
=
3
>4
1
1

Figure 3.14.22 Receiving operation in I/O Interface Mode (SCLKO Output Mode)

In SCLK Input Mode the data is shifted to Receiving Buffer 1 when the SCLK input
goes active. The SCLK input goes active when the Receive Interrupt flag INTESO
<IRXO0C> is cleared as the received data is read. When 8-bit data is received, the data
is shifted to Receiving Buffer 2 (SCOBUF) following the timing shown below and

INTESO <IRX0C> is set to “1” again, causing an INTRXO0 interrupt to be generated.

SCLKO input
(<SCLKS> = “0™
rising edge mode)

SCLKO input
(<SCLKS>="1":
falling edge mode)

RXD1
IRX0C

11

It

L 1

JL

L

Bit

Bitl Bit5

|
)
Bit6 X

TTIX

(INTRXO interrupt request)

purrour

T

Figure 3.14.23 Receiving Operation in I/O interface Mode (SCLKO Input Mode)

Note: The system must be put in the receive-enable state (SCOMODO<RXE> = “1") before data can be received.

92CF30-307

2009-06-12



TOSHIBA TMP92CF30

c. Transmission and Receiving (Full Duplex Mode)

When Full Duplex Mode is used, set the Receive Interrupt Level to 0, and only set
the interrupt level (from 1 to 6) of the transmit interrupt. Ensure that the program
which transmits the interrupt reads the receiving buffer before setting the next
transmit data.

The following is an example of this:

Example: Channel 0, SCLK output
Baud rate = 9600 bps
fsys = 2.4576 MHz

Main routine

INTESO X 0 0 1 X 0 0 o0 Set the INTTXO level to 1.
Set the INTRXO level to 0.

PIOCR X X X X X 1 0 1 Set P90, P91 and P92 to function as the TXDO,
POFC - - X X X 1 X RXDO0 and SCLKO pins respectively.
SCOMODO - - - - 0 0 - Select I/O interface mode.

SCOMOD1 -1 X X X X X X Select full duplex mode.

SCOCR - - - - - - 0 0 SCLKO output mode, select rising edge
BROCR 0 0 01 12000 Baud rate = 9600 bps.

SCOMODO - -1 - - - - - Enable receiving.

SCOBUF ok ook kR kx X Set the transmit data and start.
INTTXO interrupt routine

Acc <« SCOBUF Read the receiving buffer.

SCOBUF Foxoox kK kx X Set the next transmit data.

X: Don't care, —: No change
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(2) Mode 1 (7-bit UART Mode)

7-Bit UART Mode is selected by setting the Serial Channel Mode Register
SCOMODO0<SM1:0> field to “01”.
In this mode a parity bit can be added. Use of a parity bit is enabled or disabled by the
setting of the Serial Channel Control Register SCOCR<PE> bit; whether even parity or
odd parity will be used is determined by the SCOCR<EVEN> setting when
SCOCR<PE> is set to “1” (enabled).

Setting example: When transmitting data of the following format, the control registers should be set as
described below.

T T \start{Bio X L X 2 X 3 X 2 X5 X6 Xgam)

<— Transmission direction (Transmission rate: 2400 bps at fgys = 19.6608 MHz)

7 6 5 4 3 2 1 0
PI9CR «~ X X X X X - -1 ) .
Set P90 to function as the TXDO pin.
POFC « - - X X X - X 1
SCOMODO0O « X 0 - X 0 1 0 1 Select 7-bit UART mode.
SCOCR «~ -1 1 - - - - - Add even parity.
BROCR «~ 0 0 1 0 1 0 0 O Set the transfer rate to 2400 bps.
INTESO «~ X 1 0 0 X 0 0 O Enable the INTTXO interrupt and set it to interrupt level 4.
* * * * * * * *

SCOBUF «
X: Don't care, —: No change

Set data for transmission.

(3) Mode 2 (8-Bit UART Mode)
8-Bit UART Mode is selected by setting SCOMODO0<SM1:0> to “10”. In this mode a
parity bit can be added (use of a parity bit is enabled or disabled by the setting of
SCOCR<PE>); whether even parity or odd parity will be used is determined by the
SCOCR<EVEN> setting when SCOCR<PE> is set to “1” (enabled).

Setting example: When receiving data of the following format, the control registers should be set as
described below

\startBio X_1 X 2 X 3 X 4 X 5 X 6 X 7 X% Ystop

<«——— Transmission direction (Transmission rate: 9600 bps at fgys = 19.6608 MHz)
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Main routine

POCR
POFC
SCOMODO
SCOCR
BROCR
INTESO

Tt

Interrupt routine

o |

SCOCR AND 00011100

= O O |

OO0 Rr kL X X U

Acc <«
if Acc # 0 then ERROR
Acc <« SCOBUF

X: Don't care, —: No change

N

x

[y
=

(4) Mode 3 (9-Bit UART Mode)
9-Bit UART Mode is selected by setting SCOMODO0O<SM1:0> to “11”. In this mode a

parity bit cannot be added.

x
P X X W
|

I o |

o

| O X O P

o

I =

o

}Check for errors

Set P91 to function as the RXDO pin.

Enable receiving in 8-bit UART mode.

Add odd parity.

Set the transfer rate to 9600 bps.
Enable the INTTXO interrupt and set it to interrupt

level 4.

Read the received data

In the case of transmission the MSB (9th bit) is written to SCOMODO<TBS8>. In the
case of receiving it is stored in SCOCR<RBS8>. When the buffer is written or read,
<TB8> or <RB8> is read or written first, before the rest of the SCOBUF data.

Wake-up function

In 9-Bit UART Mode, the wake-up function for slave controllers is enabled by setting
SCOMODO<WU=> to “1”. The interrupt INTRXO0 can only be generated when<RB8> =

“1”.

i

|

TXD RXD TXD RXD TXD RXD TXD RXD
Master Slavel Slave 2 Slave 3
Note: The TXD pin of each slave controller must be in Open-Drain Output Mode.
Figure 3.14.24 Serial Link using Wake-up function
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6.

Select 9-Bit UART Mode on the master and slave controllers.
Set the SCOMODO<WU> bit on each slave controller to “1” to enable data receiving.

The master controller transmits data one frame at a time. Each frame includes an 8-bit
select code which identifies a slave controller. The MSB (bit 8) of the data (<TB8>) is
set to “1”.

\statBioX 1 X 2 X 3 X 4 X5 X6 X7 Y 8 Vsiop'”

Select code of slave controller “1”

Each slave controller receives the above frame. Each controller checks the above select
code against its own select code. The controller whose code matches clears its <WU>
bit to “0”.

The master controller transmits data to the specified slave controller (the controller
whose SCOMODO<WU> bit has been cleared to “0”). The MSB (bit 8) of the data
(<TB8>) is cleared to “0”.

“"\startBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 \Bita /Stop'”
Data “0"

The other slave controllers (whose <WU> bits remain at 1) ignore the received data
because their MSBs (bit 8 or <RB8>) are set to “0”, disabling INTRXO interrupts.

The slave controller whose <WU> bit = “0” can also transmit to the master controller.
In this way it can signal the master controller that the data transmission from the
master controller has been completed.
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Setting example: To link two slave controllers serially with the master controller

using the internal clock {10 as the transfer clock.

AMA |

Vv

i

Master

TXD RXD

|

TXD RXD TXD RXD
Slavel Slave 2
Select code Select code 00001010
00000001

Setting the master controller

Main routine

PO9CR <«
POFC “—
INTESO “«—
SCOMODO <«
SCOBUF «

X X XX
- - XX
X100

1010
0000

Interrupt routine (INTTXO)

SCOMODO « 0

* ok Kk *

SCOBUF  «

Setting the slave controller

- 01 Set P90 and P91 to function as the TXDO and RXDO pins
- X1 respectively.
101 Enable the INTTXO interrupt and set it to Interrupt Level 4.
Enable the INTRXO interrupt and set it to Interrupt Level 5.
110 Set fio as the transmission clock for 9-Bit UART Mode.
01 Set the select code for slave controller 1.

,,,,,,, Set TB8 to “0”.

* ok ok Set data for transmission.

Main routine

PICR «— XX XXX-01 Select P91 and P90 to function as the RXD0 and TXDO pins

POFC «— - - XXX-X1 } respectively (open-drain output).

P9FC2 — XXX XXXX1

INTESO «~ X100X100 Enable INTRX0 and INTTXO.

SCOMODO <~ 00111110 Set <WU> to “1” in 9-Bit UART Transmission Mode using fio as
the transfer clock.

Interrupt routine (INTRXO0)

Acc < SCOBUF

if Acc =Select code

Then SCOMODO « — — - 0 — — — — Clear <WU> to “0".
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3.14.5 Support for IrDA

SIO0 and SIO1 include support for the IrDA 1.0 infrared data communication
specification.
Figure 3.14.25 shows the block diagram.

iccinn Fm-———==—=—== TXDO| po-mmmmmmmee—— -
Transmissiog} T o - lator | IIR transmitter & LED———
data | r-——--ZZ22_-- 1 e m - = IR OUtpUt
SI00 Modem
ive | r=-------- RXDO| r---=---- -
Receive | /2 demodulator! 0 " IR receiver < .
data | t-------== L D e IR input
TMP92CF30

Figure 3.14.25 Block Diagram

(1) Modulation of the transmission data

When the transmit data is “0”, the modem outputs 1 to TXDO pin with either 3/16 or
1/16 times for width of baud-rate. The pulse width is selected by the STIROCR<PLSEL>.
When the transmit data is “1”, the modem outputs “0”.

Transmission | Start

0 | 1 | 0
data i |
|_|

r| r|

L nn

TXDO pin

Figure 3.14.26 Transmission example

(2) Modulation of the receive data

When the receive data has an effective pulse width of pulse “1”, the modem outputs
“0” to SIO0. Otherwise the modem outputs “1” to SIO0. The effective pulse width is
selected by STIROCR<SIROWD3:0>.

RXPOPIN T E H:\ H:'\ E r

1
1 1 1
— 1
Receive data tart 1 l; 0 'I; 0 1 0 1
| |

Stop

Figure 3.14.27 Receiving example

(3) Data format

The data format is fixed as follows:

e Data length: 8-bit
e Parity bits: none
e Stop bits: 1bit
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(4) SFR

Figure 3.14.28 shows the control register SIROCR. Set SIROCR data while SIOO is
stopped. The following example describes how to set this register:

1) SIO setting ; Set the SIO to UART Mode.
NS
2) LD (SIROCR), 07H ; Set the receive data pulse width to 16x.
3) LD (SIROCR), 37H ; TXEN, RXEN Enable the Transmission and receiving.
NS
4) Start transmission ; The modem operates as follows:
and receiving for SIO0 » SIO0 starts transmitting.

* IR receiver starts receiving.

(5) Notes
1. Baud rate for IrDA
When IrDA is operated, set 01 to SCOMODO0<SC1:0> to generate baud-rate.
Setting other than the above (TAOTRG, fio and SCLKO-input) cannot be used.
2. The pulse width for transmission
The IrDA 1.0 specification is defined in Table 3.14.4.

Table 3.14.4 Baud rate and pulse width specifications

Rate
Baud Rate |Modulation| Tolerance
(% of rate)

Pulse Width |Pulse Width| Pulse width
(minimum) (typical) (maximum)

2.4 kbps RZI +0.87 1.41 us 78.13 us 88.55 us
9.6 kbps RZI +0.87 1.41 ps 19.53 us 22.13 us
19.2 kbps RZI +0.87 1.41 ps 9.77 ps 11.07 ps
38.4 kbps RZI +0.87 141 ps 4.88 s 5.96 ps
57.6 kbps RZ| +0.87 141 ps 3.26 us 4.34 us
115.2 kbps RZ| +0.87 1.41 ps 1.63 us 2.23 us

The infra-red pulse width is specified either baud rate Tx 3/16 or 1.6 us (1.6 ps is
equal to 3/16 pulse width when baud rate is 115.2 kbps).

The TMP92CF30 has a function which can select the pulse width of Transmission as

either 3/16 or 1/16. However, 1/16 pulse width can only be selected when the baud rate
is equal to or less than 38.4 kbps.
For the same reason, the + (16 — k)/16 division functions in the baud rate generator of
SIOO0 cannot be used to generate a 115.2 kbps baud rate. The + (16-K)/16 division
function cannot be used also when the baud rate is 38.4 kbps and the pulse width is
1/16.

Table 3.14.5 Baud rate and pulse width for (16 — K) / 16 division function

Pulse Width Baud Rate
115.2 Kbps | 57.6 Kbps | 38.4 Kbps 19.2 Kbps 9.6 Kbps 2.4 Kbps
T x 3/16 x (Note) o o o o 5
Tx1/16 — _ « o 5 =

o: (16 — K)/16 division function can be used.
x: (16 — K)/16 division function cannot be used.
—: Cannot be set to 1/16 pulse width

Note: (16 — K)/16 division function can be used under special conditions.
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4

3

0

2 1

SIROCR | Bit symbol PLSEL RXSEL

TXEN

RXEN

SIROWD3

SIROWD2

SIROWD1 | SIROWDO

(1207H) | Read/Write

R/IW

Reset State 0 0

0

0

0o |

o | o | o

Select Receive
transmit data
pulse
width
0: 3/16
1:1/16

Function

0: “H” pulse
1: “L” pulse

Transmit
0: disable
1: enable

Receive
0: disable
1: enable

Can be set

Select receive pulse width
Set effective pulse width to equal to more than 2x
x (value + 1) + 100ns

Cannotbe set: 0, 15

l1to14

L, select receive pulse width

Formula: Effective pulse width > 2x x (value + 1) + 100ns

0000

Cannot be set

0001

Equal or more than 4x + 100ns

to

1110

Equal or more than 30x + 100ns

1111

Can not be set

Receive

recovery) operation

0 Disable receiving operation
(Received data is ignored)

1 Enabled receiving operation

Transmit

(modulation) operation

0 Disabled transmission operation
(Input from SIO is ignored)

1 Enabled transmission operation

Select transmit pulse width

0 3/16 pulse width

1 1/16 pulse width

Note:

If a pulse width complying with the IrDA1.0
standard (1.6 pus min.) can be guaranteed with
a low baud rate, setting this bit to “1” shortens
the duration of infrared ray activation,
resulting in reduced power dissipation.

Figure 3.14.28 IrDA Control Register (for SIO0)
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4

3

0

2 1

SIR1CR |Bit symbol PLSEL RXSEL

TXEN

RXEN

SIR1WD3

SIR1WD2

SIR1IWD1 | SIRIWDO

(120FH) | Read/Write

R/IW

Reset State 0 0

0

0

0o |

o | o | o

Select Receive
transmit data
pulse
width
0: 3/16
1:1/16

Function

0: “H” pulse
1: “L” pulse

Transmit
0: disable
1: enable

Receive
0: disable
1: enable

Can be set

Select receive pulse width
Set effective pulse width to equal to more than 2x
x (value + 1) + 100ns

Cannotbe set: 0, 15

l1to14

L, select receive pulse width

Formula: Effective pulse width > 2x x (value + 1) + 100ns
X =1/fsvs

0000

Cannot be set

0001

Equal or more than 4x + 100ns

to

1110

Equal or more than 30x + 100ns

1111

Can not be set

Receive

recovery) operation

0 Disable receiving operation
(Received data is ignored)

1 Enabled receiving operation

Transmit

(modulation) operation

0 Disabled transmission operation
(Input from SIO is ignored)

1 Enabled transmission operation

Select transmit pulse width

0 3/16 pulse width

1 1/16 pulse width

Note:

If a pulse width complying with the IrDA1.0
standard (1.6 pus min.) can be guaranteed with
a low baud rate, setting this bit to “1” shortens
the duration of infrared ray activation,
resulting in reduced power dissipation.

Figure 3.14.29 IrDA Control Register (for SIO1)
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3.15 Serial Bus Interface (SBI)
The TMP92CF30 has a 1-channel serial bus interface which an I2C bus mode. This circuit
supports only I2C bus mode (Multi master).

The serial bus interface is connected to an external device through PV6 (SDA) and PV7 (SCL)
in the I2C bus mode.

Each pin is specified as follows.

PVFC2<PV7F2, PV6F2> PVCR<PV7C, PV6C> PVFC<PV7F, PV6F>
I°C bus mode 11 11 11

3.15.1 Configuration

r—> INTSBI interrupt request
SCL
SCK
SIO
clock
control [
Input/
l output
control
- — PV6
fsys/4 —>{ Divider — ] 10 SO (SDA)
l Transfer —1 data control S|
control <::
I°C bus circuit 1
clock e ¢ —0 Pv7
i sync. + SCL
> Noise i SY0% ¢ Shift I’C bus . (5eh)
canceller contro ) Noise SDA
register data control |«
canceller
AN 1 i
V4 |
SBICR?/ I2CAR SBIDBR SBICRO, 1 SBIBRO
SBISR
SBI control 12C bus SBI data SBI control SBI baud rate
register 2/ address buffer register 0, 1 register 0
SBI status register register
register

Figure 3.15.1 Serial bus interface (SBI)
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3.15.2 Serial Bus Interface (SBI) Control

The following registers are used to control the serial bus interface and monitor the
operation status.

e Serial bus interface control register 0 (SBICRO)

e Serial bus interface control register 1 (SBICR1)

e Serial bus interface control register 2 (SBICR2)

e Serial bus interface data buffer register (SBIDBR)
e 12C bus address register (I2CAR)

e Serial bus interface status register (SBISR)

e Serial bus interface baud rate register 0 (SBIBRO)

3.15.3 The Data Formats in the 1°C Bus Mode

The data formats in the I2C bus mode is shown below.

(a) Addressing format
j¢——— 8bits ———>| 1 g 1 to 8 bits —>| 1 jk——— 1 to 8 bits ——| 1|

T T T TT [ala N N

S Slave address 1|cC Data C Data CcC|P
W[ K K K
} 1 | 1 or more |

(b) Addressing format (with restart)

je——— 8bits ——| 1 &~—— 1t0 8 bits {1 | 8 bits | 1| 1 to 8 bits —| 1 |

T T 1T T [jla A T T 1T 71 (gl A
S Slave address l|C Data C|S Slave address 1|C Data C|P

w| K K w | K K

} 1 } 1 or more |} 1 } 1 or more———>|

(¢) Free data format (data transferred from master device to slave device)

| 8 bits | 1| 1 to0 8 bits —>| 1 ¢——— 1 to 8 bits ——{ 1 |

T T TTT A " N

S Data C Data C Data C|P
K K K

I 1 | 1 or more |

S:  Start condition
RIW : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.15.2 Data format in the I°C bus mode

92CF30-318 2009-06-12



TOSHIBA

TMP92CF30

3.15.4 I°C Bus Mode Control Register
The following registers are used to control and monitor the operation status when using
the serial bus interface (SBI) in the I2C bus mode.
Serial Bus Interface Control Register 0
7 6 4 3 2 0
SBICRO Bit symbol SBIEN - — - - -
(1247H) Read/Write R/W R
Reset State 0 0 | o | o | o 0
A read- Function SBI Always read “0”.
modify-write operation
operation 0 : disable
cannot be 1: enable
performed

<SBIEN> : When using SBI, <SBIEN> should be set “1” (SBI operation enable) before setting each register of SBI

module.

Figure 3.15.3 Registers for the I°C bus mode
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SBICR1
(1240H)
A read-
modify-write
operation
cannot be
performed

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
Bit symbol BC2 BC1 BCO ACK - ScK2 SCKL | | v?/ngOc/)N
Read/Write R/W R/W R R/W R/W
Reset State 0 | 0 | 0 0 1 0 0 0/1(Note2)
Function Number of transferred bits Acknowledge | Always Internal serial clock selection and
(Note 1) mode read as software reset monitor
specification | “1”.
0: Not
generate
1:Generate

Internal serial clock selection <SCK2:0> at write
fsys=80MHz (Output to SCL pin), Clock gear = fc/1

000 n=4 — (Note3)

001 n=>5 ~ (Notes) System Clock: fsys

010 n==6 — (Note3)

011 | n=7 | —(Note3) (=80MHz)
100 n=8 68 kHz Clock Gear : fc/l

101 n=9 | 36 kHz fscl= _fsys/4 [Hz

110 | n=10 | 19 kHz 2"+ 36

111 | (Reserved) | (Reserved)

Software reset state monitor <SWRMON> at read

0 During software reset
1 (Initial Data)
L> Acknowledge mode specification

0 Not generate clock pulse for acknowledge signal

1 Generate clock pulse for acknowledge signal

Number of bits transferred
<ACK>=0 <ACK>=1

<BC2:0> | Number of Bits Number of Bits
clock pulses clock pulses

000
001
010
011
100
101
110
111

~NO O~ WNE®
~NOoO O~ WNE
O~NO O~ WN O
~NOoO O~ WNEFE

Notel: For the frequency of the SCL line clock, see 3.15.5 (3) Serial clock.

Note2: The initial data of SCKO is “0”, the initialdata of SWRMON is “1” if SBI operation is enable (SBICRO<SBIEN>
="1"). If SBI operation is disable (SBICRO<SBIEN> = “0"), the initialdata of SWRMON is “0”.

Note3: This I°C bus circuit does not support Fast-mode, it supports the Standard mode only. Although the I1°C bus
circuit itself allows the setting of a baud rate over 100kbps, the compliance with the I°C specification is not

guaranteed in that case.

Figure 3.15.4 Registers for the I°C bus mode
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Serial Bus Interface Control Register 2
7 6 5 4 3 2 1 0
SBICR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO SWRST1 | SWRSTO
(1243H) Read/Write W W (Note 1) W (Note 1)
A read- Reset State 0 0 0 1 0 | 0 0 | 0
modify-write |[Function |Master/Slave|Transmitter [Start/Stop |Cancel Serial bus interface Software reset generate
operation selection /Receiver [condition INTSBI operating mode selection |write “10” and “01”, then
cannot be 0:Slave selection Generation [interrupt (Note 2) an internal reset signal is
performed 1:Master 0:Receiver |0:Generate |request 00: Port mode generated.
1:Transmitter | stop 0:Don't care [01: Reserved
condition [1:Cancel 10: I°C Bus mode
1:Generate interrupt  |11: Reserved
start request
condition

|:>Serial bus interface operating mode selection (Note2)

00 | Port Mode (Serial Bus Interface output disabled)
01 [ Reserved

10 | 1°C Bus Mode

11 | Reserved

Note 1: Reading this register functions as SBISR register.

Note 2: Switch a mode to port mode after confirming that the bus is free.

Switch a mode between I°C bus mode and port mode after confirming that input signals via port are high-level.

Figure 3.15.5 Registers for the 1°C bus mode

Table 3.15.1Resolution of base clock

@fsys = 80MHz

Clock Gear Base Clock
<GEARL1:0> Resolution
000(fc) fsys/2” (50ns)
001(fc/2) fsys/2> (0.1us)
010(fc/4) fsys/2® (0.2us)
011(fc/8) fsys/2> (0.4ps)
100(fc/16) fsvs/2° (0.8us)
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Serial Bus Interface Status Register

7 6 5 4 3 2 1 0

SBISR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(1243H) Read/Write R

Reset State 0 0 0 1 0 0 0 0
A read- Function Master/ Slave| Transmitter/ [1°C bus status| INTSBI Arbitration Slave GENERAL |Last
modify-write status Receiver monitor interrupt lost detection | address CALL received bit
operation monitor status 0:Free request monitor match detection monitor
cannot be 0:Slave monitor 1:Busy monitor 0: - detection monitor 0:0
performed 1:Master 0:Receiver 0: Interrupt  [1: Detected [ monitor 0:Undetected [1: 1

1:Tranmitter requested 0:Undetected | 1: Detected
1: Interrupt 1: Detected
canceled

1

|—> Last received bit monitor
0 | Last received bit was 0

1 [ Lastreceived bit was 1

—> GENERAL CALL detection monitor

0 | Undetected

1 | GENERAL CALL detected
L Slave address match detection monitor

0 | Slave address don’t match or Undetected
Slave address match or GENERAL CALL

1

detected
Arbitration lost detection monitor
0 —

1 | Arbitration lost

Notel: Writing in this register functions as SBICR2.
Note2: The initialdata SBISR<PIN> is “1” if SBI operation is enable (SBICRO<SBIEN>="1"). If SBI operation is disable
(SBICRO<SBIEN>="0"), the initialdata of SBISR<PIN> is “0".

Figure 3.15.6 Registers for the I°C bus mode
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Serial Bus Interface Baud Rate Register 0
7 6 5 4 3 2 1 0
SBIBRO Bit symbol — 12SBI - - — — - -
(1244H) Read/Write W R/W R R/W
A read- Reset State 0 0 1 1 | 1 | 1 1 0
modify-write | Function Always IDLE2 Always read as “1” Always
operation read “0” 0: Stop write “0”.
cannot be 1: Run
performed
Operation during IDLE 2 mode
0 | Stop
1 | Operation
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIDBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(1241H) Read/Write R (received)/W (transfer)
A read- Reset State
modify-write
operation Undefined
cannot be
performed
Notel:When writing transmitted data, start from the MSB (bit 7).Receiving data is placed from LSB(bit0).
Note2: SBIDBR can't be read the written data because of it has buffer for writing and buffer for reading
individually. Therefore Read modify write instruction (e.g.“BIT” instruction ) is prohibitted.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2CAR Bit symbol SA6 SA5 SA4 SA3 SA2 SA1 SA0 ALS
(1242H) Read/Write R/W
A read- Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 0
modify-write | Function Slave address selection for when device is operating as slave device Address
operation recognition
cannot be mode
performed specification

|—> Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition

Figure 3.15.7 Registers for the 1°C bus mode
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3.15.5 Control in I°C Bus Mode

(1)  Acknowledge Mode Specification

When slave address is matched or detecting GENERAL CALL, and set the
SBICR1<ACK> to “1”, TMP92CF30 operates in the acknowledge mode. The
TMP92CF30 generates an additional clock pulse for an Acknowledge signal when
operating in Master Mode. In the transmitter mode during the clock pulse cycle, the
SDA pin is released in order to receive the acknowledge signal from the receiver. In
the receiver mode during the clock pulse cycle, the SDA pin is set to the Low in order
to generate the acknowledge signal.

Clear the <ACK> to “0” for operation in the Non-Acknowledge Mode; The
TMP92CF30 does not generate a clock pulse for the Acknowledge signal when
operating in the Master Mode.

(2)  Number of transfer bits
The SBICR1<BC2:0> is used to select a number of bits for next transmitting and
receiving data.
Since the <BC2:0> is cleared to 000 as a start condition, a slave address and direction
bit transmission are executed in 8 bits. Other than these, the <BC2:0> retains a
specified value.

(3)  Serial clock
a. Clock source

The SBICR1 <SCK2:0> is used to select a maximum transfer frequency
outputted on the SCL pin in Master Mode. Set a communication baud rates that
meets the I2C bus specification, such as the shortest pulse width of trow, based on
the equations shown below.

V tHIGH t tLow 1/fscl

|

SBICR1<SCK2:0> n
000 4
- 001 5
tLow = (2" + 29)/(fsys/4) 010 6
tHiGH = (2" + 6)/(fsys/4 011 :
HIGH = (27 + 6)/(fsvs/4) 100 8
fscl = 1/(tLow + tHIGH) 101 9
fsys/a 110 10

2"+ 36

Figure 3.15.8 Clock source
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b. Clock synchronization

In the I2C bus mode, in order to wired-AND a bus, a master device which pulls
down a clock line to low-level, in the first place, invalidate a clock pulse of another
master device which generates a high-level clock pulse. The master device with a
high-level clock pulse needs to detect the situation and implement the following
procedure.

The TMP92CF30 has a clock synchronization function for normal data transfer
even when more than one master exists on the bus.

The example explains the clock synchronization procedures when two masters
simultaneously exist on a bus.

Wait counting high-level

width of a clock pulse
r———Start counting high-level width of a clock pulse

Internal SCL output
(Master A)

:Reset a counting of:
1high-level width of a:
s clock pulse '

>~

Internal SCL output
(Master B)

SN
¥

X
2

SCL pin

b

©- -

Figure 3.15.9 Clock synchronization

As Master A pulls down the internal SCL output to the Low level at point “a”,

the SCL line of the bus becomes the Low-level. After detecting this situation,
Master B resets a counter of High-level width of an own clock pulse and sets the
internal SCL output to the Low-level.
Master A finishes counting Low-level width of an own clock pulse at point “b” and
sets the internal SCL output to the High-level. Since Master B holds the SCL line
of the bus at the Low-level, Master A wait for counting high-level width of an own
clock pulse. After Master B finishes counting low-level width of an own clock pulse
at point “c” and Master A detects the SCL line of the bus at the High-level, and
starts counting High-level of an own clock pulse. The clock pulse on the bus is
determined by the master device with the shortest High-level width and the
master device with the longest Low-level width from among those master devices
connected to the bus.

(4)  Slave address and address recognition mode specification

When the TMP92CF30 is used as a slave device, set the slave address <SA6:0> and
<ALS> to the I2CAR. Clear the <ALS> to “0” for the address recognition mode.

(5)  Master/Slave selection
Set the SBICR2<MST> to “1” for operating the TMP92CF30 as a master device.
Clear the SBICR2<MST> to “0” for operation as a slave device. The <MST> is cleared

to “0” by the hardware after a stop condition on the bus is detected or arbitration is
lost.
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(6) Transmitter/Receiver selection

Set the SBICR2<TRX> to “1” for operating the TMP92CF30 as a transmitter. Clear
the <TRX> to “0” for operation as a receiver.

In Slave Mode,
e Data with an addressing format is transferred
e A slave address with the same value that an I2CAR
e A GENERAL CALL is received (all 8-bit data are “0” after a start condition)

The <TRX> is set to “1” by the hardware if the direction bit (R/W) sent from the
master device is “1”, and is cleared to “0” by the hardware if the bit is “0”.

In the Master Mode, after an Acknowledge signal is returned from the slave device,
the <TRX> is cleared to “0” by the hardware if a transmitted direction bit is “1”, and is
set to “1” by the hardware if it is “0”. When an Acknowledge signal is not returned, the
current condition is maintained.

The <TRX> is cleared to “0” by the hardware after a stop condition on the I12C bus is
detected or arbitration is lost.

(7)  Start/Stop condition generation

When the SBISR<BB> is “0”, slave address and direction bit which are set to
SBIDBR are output on a bus after generating a start condition by writing “1” to the
SBICR2 <MST, TRX, BB, PIN>. It is necessary to set transmitted data to the data
buffer register (SBIDBR) and set “1” to <ACK> beforehand.

r---
1
1

SCLpin 1 2 3 4 5 6 7 8 AN

SDApin--_E_\, /a6 X A5 X aa X a3 X a2 X a1 X r0 Xriw [/

[ | |A_ckn0w|edge
Start conditionl Slave address and the direction bit i signal

Figure 3.15.10 Start condition generation and slave address generation

When the <BB> is “1”, a sequence of generating a stop condition is started by
writing “1” to the <MST, TRX, PIN>, and “0” to the <BB>. Do not modify the contents
of <MST, TRX, BB, PIN> until a stop condition is generated on a bus.

Figure 3.15.11 Stop condition generation

_____

Stop condition

The state of the bus can be ascertained by reading the contents of SBISR<BB>.
SBISR<BB> will be set to 1 if a start condition has been detected on the bus, and will
be cleared to O if a stop condition has been detected.

92CF30-326 2009-06-12



TOSHIBA TMP92CF30

(8)  Interrupt service requests and interrupt cancellation

When a serial bus interface interrupt request INTSBI) occurs, the SBICR2 <PIN>
is cleared to “0”. During the time that the SBICR2<PIN> is “0”, the SCL line is pulled
down to the Low level.

The <PIN> is cleared to “0” when a 1-word of data is transmitted or received. Either
writing/reading data to/from SBIDBR sets the <PIN> to “1”.

The time from the <PIN> being set to “1” until the SCL line is released takes tLOW.
In the address recognition mode (<ALS> = “0”), <PIN> is cleared to “0” when the
received slave address is the same as the value set at the I2CAR or when a GENERAL
CALL is received (all 8-bit data are “0” after a start condition). Although
SBICR2<PIN> can be set to “1” by the program, the <PIN> is not clear it to “0” when it
1s written “0”.

(9)  Serial bus interface operation mode selection

SBICR2<SBIM1:0> is used to specify the serial bus interface operation mode. Set
SBICR2< SBIM1:0> to “10” when the device is to be used in I12C Bus Mode after
confirming pin condition of serial bus interface to “H”.

Switch a mode to port after confirming a bus is free.

(10) Arbitration lost detection monitor

Since more than one master device can exist simultaneously on the bus in I2C Bus
Mode, a bus arbitration procedure has been implemented in order to guarantee the
integrity of transferred data.

In case set start condition bit with bus is busy, start condition is not output on SCL
and SDA pin, but arbitration lost is generated.
Data on the SDA line is used for I2C bus arbitration.
The following shows an example of a bus arbitration procedure when two master
devices exist simultaneously on the bus. Master A and Master B output the same data
until point “a”. After Master A outputs “L” and Master B, “H”, the SDA line of the bus
is wire-AND and the SDA line is pulled down to the Low-level by Master A. When the
SCL line of the bus is pulled up at point b, the slave device reads the data on the SDA
line, that is, data in Master A. A data transmitted from Master B becomes invalid. The
state in Master B is called “ARBITRATION LOST”. Master B device which loses
arbitration releases the internal SDA output in order not to affect data transmitted
from other masters with arbitration. When more than one master sends the same data
at the first word, arbitration occurs continuously after the second word.

1 pe— pe— pe—— - - -
SCL pin L S S
1
Internal SDA output \ / \ h : /_\j
1

(Master A)

Internal SDA output
(Master B)

SDA pin \ / \

[}

]

:Klnternal SDA output becomes 1 after arbitration has been lost.
T S

]
|
b

-F------

Figure 3.15.12 Arbitration lost
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The TMP92CF30 compares the levels on the bus’s SDA line with those of the
internal SDA output on the rising edge of the SCL line. If the levels do not match,
arbitration is lost and SBISR<AL> is set to “1”.

When SBISR<AL> is set to “1”7, SBISR<MST, TRX> are cleared to “00” and the mode is
switched to Slave Receiver Mode. Thus, clock output is stopped in data transfer after
setting <AL>=“1".

SBISR<AL> is cleared to “0” when data is written to or read from SBIDBR or when
data is written to SBICR2.

-
Internal
Master< SCL output
A
Internal \ D7A X D6A \ D5A / D4A X D3A X D2A X D1A X DOA / \D7A'XD6A X D5A’ XD4A’
\_SDA output
l—) Ston the clock pulse
-
Internal
1\ /2\ /3\ /4
Master | SCL output
B <

Internal
| SDA output D7B AD6B 3 Keep Internal SDA output to high-level as losing arbitration

<AL> |/

a

|
/ |

<TRX> |

Accessed to
SBIDBR or SBICR2

Figure 3.15.13 Example of when TMP92CF30 is a master device B
(D7A=D7B, D6A = D6B)

(11) Slave address match detection monitor

SBISR<AAS> is set to “1” in Slave Mode, in Address Recognition Mode (i.e. when
I2CAR<ALS> = “0”), when a GENERAL CALL is received, or when a slave address
matches the value set in I2CAR. When I2CAR<ALS> = “1”, SBISR<AAS> is set to “1”
after the first word of data has been received. SBISR<AAS> is cleared to “0” when
data is written to or read from the data buffer register SBIDBR.

(12) GENERAL CALL detection monitor

SBISR<ADO> is set to “1” in Slave Mode, when a GENERAL CALL is received (all
8-bit received data is “0”, after a start condition). SBISR<ADO> is cleared to “0” when
a start condition or stop condition is detected on the bus.

(13) Last received bit monitor
The SDA line value stored at the rising edge of the SCL line is set to the
SBISR<LRB>. In the acknowledge mode, immediately after an INTSBI interrupt

request is generated, an acknowledge signal is read by reading the contents of the
SBISR<LRB>.
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(14) Software Reset function

The software Reset function is used to initialize the SBI circuit, when SBI is rocked
by external noises, etc.
An internal Reset signal pulse can be generated by setting SBICR2<SWRST1:0> to
“10” and “01”. This initializes the SBI circuit internally. All command registers and
status registers are initialized as well.
SBICR1<SWRMON>is automatically set to “1” after the SBI circuit has been
initialized.

Note: If the software reset is executied , operation selection is reset, and its mode is set to port mode from I°C mode.

(15) Serial Bus Interface Data Buffer Register (SBIDBR)

The received data can be read and transferred data can be written by reading or
writing the SBIDBR.
In the master mode, after the start condition is generated the slave address and the
direction bit are set in this register.

(16) I2CBUS Address Register (I2CAR)

I2CAR<SAG6:0> 1s used to set the slave address when the TMP92CF30 functions as a
slave device.
The slave address output from the master device is recognized by setting the
I2CAR<ALS> to “0”. The data format is the addressing format. When the slave
address is not recognized at the <ALS> = “1”, the data format is the free data format.

(17) Setting register for IDLE2 mode operation (SBIBR0)

SBIBRO<I2SBI> is the register setting operation/stop during IDLE2-mode.
Therefore, setting <I2SBI> is necessary before the HALT instruction is executed.
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3.15.6 Data Transfer in I°C Bus Mode

(1) Device initialization

Set the SBICR1<ACK, SCK2:0>, Set SBIBR1 to “1” and clear bits 7 to 5 and 3 in the
SBICRI1 to “0”.
Set a slave address <SA6:0> and the <ALS> (<ALS> = “0” when an addressing format)
to the I2CAR.
For specifying the default setting to a slave receiver mode, clear “0” to the <MST, TRX,
BB> and set “1” to the <PIN>, “10” to the <SBIM1:0>.

76543210

SBICRL <~ 000 X0 X XX Set acknowledge and SCL clock.
I2CAR  « X X X X X X X X Set slave address and address recognition mode.
SBICR2Z <« 00011000 Set to slave receiver mode.

Note: X: Don't care

(2) Start condition and slave address generation
a. Master Mode

In the Master Mode, the start condition and the slave address are generated as
follows.
Check a bus free status (when <BB> = “0”).
Set the SBICR1<ACK> to “1” (Acknowledge Mode) and specify a slave address
and a direction bit to be transmitted to the SBIDBR.
When SBICR2<BB> = “0”, the start condition are generated by writing “1111” to
SBICR2<MST, TRX, BB, PIN>. Subsequently to the start condition, nine clocks
are output from the SCL pin. While eight clocks are output, the slave address and
the direction bit which are set to the SBIDBR. At the 9th clock, the SDA line is
released and the acknowledge signal is received from the slave device.
An INTSBI interrupt request occurs at the falling edge of the 9th clock. The
<PIN> is cleared to “0”. In the Master Mode, the SCL pin is pulled down to the
Low-level while <PIN> is “0”. When an interrupt request occurs, the <TRX> is
changed according to the direction bit only when an acknowledge signal is
returned from the slave device.

Setting in main routine
76543210

Reg. « SBISR

Reg. <« Reg. e 0x20

if Reg. # 0x00 Wait until bus is free.

Then

SBICRLT « X X X 1 XX XX Set to acknowledgement mode.
SBIDBR1 « X X X X X X X X Set slave address and direction bit.
SBICR2Z «~11111000 Generate start condition.

In INTSBI interrupt routine
INTCLR « 0X2a Clear the interrupt request
Process
End of interrupt
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b. Slave Mode

In the Slave Mode, the start condition and the slave address are received.
After the start condition is received from the master device, while eight clocks are
output from the SCL pin, the slave address and the direction bit that are output
from the master device are received.

When a GENERAL CALL or the same address as the slave address set in I2CAR
is received, the SDA line is pulled down to the Low-level at the 9th clock, and the
acknowledge signal is output.

An INTSBI interrupt request occurs on the falling edge of the 9th clock. The
<PIN> is cleared to “0”. In Slave Mode the SCL line is pulled down to the
Low-level while the <PIN> = “0”.

. -
SCL pin - 1 2 3 4 5 6 7 8 9
o
1
1
SDA pin P\ / A6 X A5 X A4 X A3 X A2 X AL X A0 X RIW A ACK /
SN ~ J Acknowledge
" ignal from a
Start condition Slave address + Direction bit 5|gve device
<PIN> |_
INTSBI (
interrupt request rl

Output of master
- — — Output of slave

Figure 3.15.14 Start condition generation and slave address transfer
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(3) 1-word Data Transfer

Check the <MST> by the INTSBI interrupt process after the 1-word data transfer is
completed, and determine whether the mode is a master or slave.

a. If<MST>=“1" (Master Mode)

Check the <TRX> and determine whether the mode is a transmitter or receiver.

When the <TRX> = “1” (Transmitter mode)

Check the <LRB>. When <LRB> is “1”, a receiver does not request data.
Implement the process to generate a stop condition (Refer to 3.15.6 (4)) and

terminate data transfer.
When the <LRB> is “0”, the receiver is requests new data. When the next
transmitted data is 8 bits, write the transmitted data to SBIDBR. When the next
transmitted data is other than 8 bits, set the <BC2:0> <ACK> and write the
transmitted data to SBIDBR. After written the data, <PIN> becomes “1”, a serial
clock pulse is generated for transferring a new 1-word of data from the SCL pin,
and then the 1-word data is transmitted. After the data is transmitted, an INTSBI
interrupt request occurs. The <PIN> becomes “0” and the SCL line is pulled down
to the Low-level. If the data to be transferred is more than one word in length,
repeat the procedure from the <LRB> checking above.

INTSBI interrupt

if MST =0

Then shift to the process when slave mode

if TRX=0

Then shift to the process when receiver mode.

ifLRB=0

Then shift to the process that generates stop condition.

76543210
SBICRLT « X X X X X X X X Set the bit number of transmit and ACK.
SBIDBR « X X X X X X X X Write the transmit data.

End of interrupt
Note: X: Don'’t care

SCL 1 2 3 4 5 6 7 8 9
rWrite to SBIDBR

SDA \ D7 X b6 X D5 X D4 X D3 X D2 X DI X DO A ACK ,
~ X~ Acknowledge
signal from a

receiver

<PIN> | L
INTSBI <|_|

interrupt request

Output from master
= = = Output from slave

Figure 3.15.15 Example in which <BC2:0> = “000” and <ACK> = “1" in transmitter mode
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When the <TRX> is “0” (Receiver mode)
When the next transmitted data is other than 8 bits, set <BC2:0> <ACK> and
read the received data from SBIDBR to release the SCL line (data which is read

immediately after a slave address is sent is undefined). After the data is read,
<PIN> becomes “1”.

Serial clock pulse for transferring new 1 word of data is defined SCL and
outputs “L” level from SDA pin with acknowledge timing.

An INTSBI interrupt request then occurs and the <PIN> becomes “0”, Then the
TMP92CF30 pulls down the SCL pin to the Low-level. The TMP92CF30 outputs a
clock pulse for 1-word of data transfer and the acknowledge signal each time that
received data is read from the SBIDBR.

Read SBIDBR

SCL pin

soapin™ " T DT W e W o5 W o W B W o2 W o W Do q New D7
Acknowledge signal

<PIN> I | to a transmitter

INTSBI ﬂ
interrupt request

Output from Master
—- = = = Output from Slave

Figure 3.15.16 Example of when <BC2:0> = “000", <ACK> = “1" in receiver mode

In order to terminate the transmission of data to a transmitter, clear <ACK> to
“0” before reading data which is 1-word before the last data to be received. The
last data word does not generate a clock pulse as the Acknowledge signal. After
the data has been transmitted and an interrupt request has been generated, set
<BC2:0> to “001” and read the data. The TMP92CF30 generates a clock pulse for a
1-bit data transfer. Since the master device is a receiver, the SDA line on the bus
remains High. The transmitter interprets the High signal as an ACK signal. The
receiver indicates to the transmitter that data transfer is complete.

After the one data bit has been received and an interrupt request been generated,
the TMP92CF30 generates a stop condition (see Section 3.15.6 (4) Stop condition
generation) and terminates data transfer.

== A el Y ey e i Y o N R il
SDA pin D7 A D6 A D5 A D4 A D3 A D2 A DI A DO, N Aacknowledge signal

Q
]

C |
]
)
INTSBI I | : ﬂ
interrupt request T—O  <ACK> T_ “001" s <BC2:0>
Read SBIDBR Read SBIDBR

Output of Master
- = = = Output of Slave

Figure 3.15.17 Termination of data transfer in master receiver mode
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Example: In case receive data N times
INTSBI interrupt (After transmitting data)

76543210
SBICRL « X X X X X X X X Set the bit number of receive data and ACK.
Reg. < SBIDBR Load the dummy data.
End of interrupt

INTSBI interrupt (Receive data of 1st to (N-2) th)

76543210
Reg. < SBIDBR Load the data of 1stto (N-2)th.
End of interrupt

INTSBI interrupt ((N-1) th Receive data)

76543210
SBICRL « X X X 00 X X X Not generate acknowledge signal
Reg. < SBIDBR Load the data of (N-1)th
End of interrupt

INTSBI interrupt (Nth Receive data)

76543210
SBICRL <~ 00100XXX Generate the clock for 1bit transmit
Reg. < SBIDBR Receive the data of Nth.
End of interrupt

INTSBI interrupt (After receiving data)

The process of generating stop Finish the transmit of data
condition
End of interrupt

Note: X: Don't care
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b. If <MST> =0 (Slave Mode)

In the slave mode the TMP92CF30 operates either in normal slave mode or in
slave mode after losing arbitration.

In the slave mode, an INTSBI interrupt request occurs when the TMP92CF30
receives a slave address or a GENERAL CALL from the master device, or when a
GENERAL CALL is received and data transfer is complete, or after matching
received address. In the master mode, the TMP92CF30 operates in a slave mode if
it losing arbitration. An INTSBI interrupt request occurs when a word data
transfer terminates after losing arbitration. When an INTSBI interrupt request
occurs the <PIN> is cleared to “0” and the SCL pin is pulled down to the Low-level.
Either reading/writing from/to the SBIDBR or setting the <PIN> to “1” will
release the SCL pin after taking tLOW time.

Check the SBISR<AL>, <TRX>, <AAS>, and <ADO0> and implements processes
according to conditions listed in the next table.

Example: In case matching slave address in slave receive mode, direction bit is “1”".

INTSBI interrupt

if TRX=0

Then shift to other process

ifAL=1

Then shift to other process

if AAS=0

Then shift to other process

76543210

SBICRT « X X X 1 X X X X Set the bit number of transmit.
SBIDBR « X X X X X X X X Set the data of transmit.
Note: X: Don't care
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Table 3.15.2 Operation in the slave mode

data.

<TRX>| <AL> |<AAS> | <ADO0O> Conditions Process
The TMP92CF30 loses arbitration when | Set the number of bits a word in
transmitting a slave address and <BC2:0> and write the transmitted data
1 1 0 receives a slave address for which the to SBIDBR
value of the direction bit sent from
another master is “1".
In Salve Receiver Mode, the
1 0 TMP92CF30 receives a slave address
for which the value of the direction bit
1 sent from the master is “1".
Check the <LRB> setting. If <LRB> is
set to “1”, set <PIN> to “1” since the
0 receiver win no request the data which
. . follows. Then, clear <TRX> to “0” to
In Salve Transmitter Mode, a single )
0 0 . . release the bus. If <LRB> is cleared to
word of is transmitted. o
“0”, set <BC2:0> to the number of bits in
a word and write the transmitted data to
SBIDBR since the receiver requests
next data.
The TMP92CF30 loses arbitration when
transmitting a slave address and
1 1/0 receives a slave address or GENERAL
CALL for which the value of the direction
! bit sent from another master is “0".
The TMP92CF30 loses arbitration when | Read the SBIDBR for setting the <PIN>
0 0 transmitting a slave address or data and | to “1” (reading dummy data) or set the
0 terminates word data transfer. <PIN>to “1".
In Slave Receiver Mode, the
TMP92CF30 receives a slave address
1 1/0 or GENERAL CALL for which the value
of the direction bit sent from the master
0 is “0".
In Slave Receiver Mode, the Set <BC2:0> to the number of bits in a
0 1/0 TMP92CF30 terminates receiving word | word and read the received data from

SBIDBR.
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(4) Stop condition generation

When SBISR<BB> = “1”, the sequence for generating a stop condition start by
writing “1” to SBICR2<MST, TRX, PIN> and “0” to SBICR2<BB>. Do not modify the
contents of SBICR2<MST, TRX, PIN, BB> until a stop condition has been generated
on the bus. When the bus’s SCL line has been pulled Low by another device, the
TMP92CF30 generates a stop condition when the other device has released the SCL
line and SDA pin rising.

76543210
SBICR2 <~ 11011000 Generate stop condition.

" — <MST>
" — <TRX>
" — <BB> /78top condition

H3KRg

" — <PIN>

Internal SCL

SCL pin

SDA Pin

<PIN>

<BB> (Read)

Figure 3.15.18 Stop condition generation (Single master)

" — <MST>
? — <TRX>
” — <BB>
" — <PIN>

Internal SCL /

— Stop condition

H3uRg

The case of pulled low ----
by another device /

.
SCL Pin '
1

SDA Pin

<PIN> J“ }
<BB> (Read) |

Figure 3.15.19 Stop condition generation (Multi master)
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(5) Restart

Restart is used during data transfer between a master device and a slave device to
change the data transfer direction.

The following description explains how to restart when the TMP92CF30 is in
Master Mode.

Clear SBICR2<MST, TRX, and BB> to “0” and set SBICR2<PIN> to “1” to release
the bus. The SDA line remains High and the SCL pin is released. Since a stop
condition has not been generated on the bus, other devices assume the bus to be in
busy state.

And confirm SCL pin, that SCL pin is released and become bus-free state by
SBISR<BB> = “0” or signal level “1” of SCL pin in port mode. Check the <LRB> until it
becomes 1 to check that the SCL line on a bus is not pulled down to the low-level by
other devices. After confirming that the bus remains in a free state, generate a start
condition using the procedure described in (2).

In order to satisfy the set-up time requirements when restarting, take at least 4.7 us of
waiting time by software from the time of restarting to confirm that the bus is free
until the time to generate the start condition.
76543210
[ SBICR2 <~ 00011000 Release the bus
if SBISR<BB> =0 Check if SCL pin is released.
Then
E if SBISR<LRB> = 1 Check if SCL pin of other device is “L” level.
Then
4.7 ps Wait
SBICRL « X X X 1 X X X X Set acknowledgement mode.
SBIDBR « X X X X X X X X Set the slave address and direction bit.
SBICR2Z <« 11111000 Generate start condition.

Note: X: Don't care

SCL line
Internal SCL
output

SDA line
<LRB>

<BB>

<PIN>

“0" > <MST> “1" —» <MST>
“0" — <TRX> “1" - <TRX>
“0" — <BB> “1" — <BB>
“1" — <PIN> “1" —> <PIN>
|<— 4.7 pus (Min) [ Start condition

)
)

|t

Figure 3.15.20 Timing chart for generate restart

Note: Don't write <MST> = “0”, when <MST> = “0” condition. (Cannot be restarted)
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3.16 USB Controller

3.16.1 Outline
This USB controller (UDC) is designed to support a variety of serial links in the construction
of a USB system.

The outline is as follows:
(1) Compliant with USB rev1.1
(2) Full-speed: 12 Mbps (low-speed (1.5 Mbps) not supported)
(3) Auto bus enumeration with 384-byte descriptor RAM
(4) Supports 3 kinds of transfer type: Control, interrupt and bulk

¢ Endpoint 0: Control 64 bytes x 1-FIFO
e Endpoint 1: BULK (out) 64 bytes x 2-FIFOs
e Endpoint 2: BULK (in) 64 bytes x 2-FIFOs

e Endpoint 3: Interrupt (in) 8 bytes x 1-FIFO
(5) Built-in DPLL which generates sampling clock for receive data
(6) Detecting and generating SOP, EOP, RESUME, RESET and TIMEOUT
(7) Encoding and decoding NRZI data
(8) Inserting and discarding stuffed bit
(9) Detecting and checking CRC
(10) Generating and decoding packet ID
(11) Built-in power management function

(12) Dual packet mode supported

Notel:The TMP92CF30 does not include the pull-up resister necessary for D+pin. An external pull-up resistor plus
software support is required.
Note2:There are some differences between our specifications and USB 1.1. Refer to check “3.16.11 Notice and

Restrictions”.
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3.16.1.1 System Configuration
The USB controller (UDC) consists of the following 3 blocks.
1. 900/H1 CPU I/F (details given in Section 3.16.2, below).

2. UDC core block (DPLL, SIE, IFM and PWM), request controller, descriptor
RAM and 4 endpoint FIFO (details given in Section 3.16.3, below).

3. USB transceiver

ubC
Descriptor RAM
384 bytes
Request controller ADDRESS
900/H1 CPU
WR
interface
RD
UDC core
Endpoint 0:
FIFO (64 bytes x 1)
I/F
PWM
Endpoint 1:
FIFO (64 bytes x 2)
FIFO
manage
DPLL
Endpoint 2:
IFM FIFO (64 bytes x 2)
e USB 0 D+
transceiver D—
Endpoint 3: =
FIFO (8 bytes x 1)

Figure 3.16.1 UDC Block Diagram
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3.16.1.2 Example

USB host USB device
________________________ R <t
USB host i ! TMP92CF30

1

UsB USB |

Connector Connectot —H VCC

LT —1 X1 —

GND 17 ; VSS -
1 :—
VBUS h 7 INTx (detect rising) X2

: : R6 R7 10MHz

] ' (X PorTXX

)

! USB ' = ?

: cable : Rllil X1USB fe—— 48MHz
]

: 1 * —— p.

re ||| | R2

! |

1 1

! ]

R9 g ' L1 L1

I |

I )

1 1

1 1

1 1

1 1

| ]

I ]
1

The above setting is required If when using the TMP92CF30’s USB controller.

1) Pull-up of D pin
In the USB standard, in Full Speed connection, the D* pin must be set to pull-up.
The ON/OFF control of this pull-up must be by S/W.
Recommended value: R1=1.5kQ
2) Add cascade resistor of D, D'signal

In the USB standard, for a D+ or D" signal, a cascade resistor must be added to
each signal. Recommended value : R2=27Q, R3=27Q

3) TFlow current provision of the Connector connection and D* pin, D™ pin

For the D™ and D™ pin of the TMP92CF30, the level must be fixed for flow current
provision when not in use (when not connected to host). In this case, the
connector detection signal is used to control the pull-down resistor which
determines the level.

Recommended value: R4=10kQ, R5=10kQ

The example shows use of the connector detection method by using VBUS (5V
voltage).
Note: Where waveform rise is solw, buffering of wabeform is recommended.
Recommended value: R6=60kQ, R7=100kQ
(VBUS current consumption when suspended is <500pA)
4) Connection of 10MHz oscillator to X1,X2, or input 48MHz clock to X1USB
When using USB with a combination of 10MHz external oscillator and internal

PLL, the number of external hub stages which can be used is restricted by the
accuracy of the internal (Max 3 stages).

If 5 stages connection is required for external hub, it is required that input
48MHz clock from X1USB pin (Restriction <*+2500ppm.)
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5) HOST side pull-down resistor
In the USB standard, set pull-down D* pin and D" signal at USB_HOST side.
Recommended value: R8=15kQ, R9=15kQ

Note: The above connections and resistor values, etc, are given as examples only. Operation is not

guaranteed. Please confirm the latest USB standar specifications and operations on your system.
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3.16.2 900/H1 CPU I/F

The 900/H1 CPU I/F is a bridge between the 900/H1 CPU and the UDC. Its main
functions are as follow.

e INTUSB (interrupt from UDC) generation
¢ Abridge for SFR
e USB clock control (48 MHz)

3.16.2.1 SFRs
The 900/H1 CPU I/F incorporates the following SFRs to control the UDC and USB
transceiver.
o USB control
USBCR1 (USB control register 1)
e USB interrupt control
USBINTFR1 (USB interrupt flag register 1)
USBINTFR2 (USB interrupt flag register 2)
USBINTFR3 (USB interrupt flag register 3)
USBINTFR4 (USB interrupt flag register 4)
USBINTMR1 (USB interrupt mask register 1)
USBINTMR2 (USB interrupt mask register 2)
USBINTMR3 (USB interrupt mask register 3)
USBINTMR4 (USB interrupt mask register 4)
Table 3.16.1 900/H1 CPU I/F SFR
Address Read/Write SFR Symbol

07FOH R/W USBINTFR1

07F1H R/W USBINTFR2

07F2H R/W USBINTFRS3

07F3H R/W USBINTFR4

07F4H R/W USBINTMR1

07F5H R/W USBINTMR2

07F6H R/W USBINTMR3

07F7H R/W USBINTMR4

07F8H R/W USBCR1
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3.16.2.2 USBCR1 Register

This register is used to set USB clock enables, transceiver enable etc.

7 6 5 4 3 2 1 0
USBCRL1 | bit Symbol TRNS_USE WAKEUP SPEED USBCLKE
(07F8H) | Read/Write R/W RIW R/W R/W
Reset State 0 0 1 0
Function

e TRNS_USE (Bit7)

0: Disable USB transceiver
1: Enable USB transceiver

Always set to “1” on the application using USB.
e WAKEUP  (Bit6)
0: -
1: Start remote-wakeup function
When the remote-wakeup function 1s needed, first check
Current_Config<REMOTE WAKEUP>.
If <REMOTE WAKEUP> = “1” (meaning SUSPEND-status), write “1”, and “0” to
<WAKEUP>. This will initiate the remote-wakeup function.

If <REMOTE WAKEUP> = “0” or EPO, 1, 2, 3_STATUS<SUSPEND> = “0”, do
not write “1” to <WAKEUP>.

e SPEED (Bit1)

1: Full speed (12 MHz)
0: Reserved

This bit selects USB speed.
Always set to “1”.

e USBCLKE (Bit0)

0: Disable USB clock
1: Enable USB clock

This bit controls supply of USB clock.

The USB clock (“fusg™ 48MHz) is generated by an internal PLL. When the USB
1s started, write “1” to <USBCLKE> after confirming PLL lock up is terminated.

Also, write “0” to <USBCLKE> before stopping the PLL.
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3.16.2.3 USBINTFRn, MRn Register

These SFRs control the INTUSB (only one interrupt to CPU) using the 23 interrupt
sources output by the UDC.

The USBINTMRn are mask registers and the USBINTFRn are flag registers. In the
INTUSB routine, execute operations according to generated interrupt source after
checking USBINTFRn.

The common specification for all MASK and FLAG registers is shown below.

(Common specifications for all mask and flag registers.)

Mask register | N N a
Interrupt source J‘
(Set by rising edge) — \ [

Flag register

Writing “0” to flag register \ /

oe]

A: The flag register is not set because mask register = “1".
B: The flag register is not set because interrupt souce changes “1” — “0".
C: The flag register is set because mask register = “0” and interrupt souce changes “0" — “1".

D: The flag register is reset to “0” by writing “0” to flag register.

Note 1: The “INTUSB generated number” and “bit number which is set to flag register” are not always equal. In the

INTUSB interrupt routine, clear FLAG register (USBINTFRn) after checking it. The interrupt request flag,
which occurrs between the INTUSB interrupt routine and flag register (USBINTFRnN) read, is kept in the
interrupt controller.
Therefore, after returning from the interrupt routine, the CPU jumps to INTUSB interrupt routine again.
Software support is required to avoid ending in an error routine when none of the bits in the flag register
(USBINTFRn) is set to “1”.

Note 2: Disable INTUSB (write 00H to INTEUSB register) before writing to USBINTMRnN or USBINTFRn.
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7 6 5 4 3 2 1 0
USBINTFR1 | bit Symbol INT_URST_STR | INT_URST_END INT_SUS INT_RESUME [ INT_CLKSTOP INT_CLKON
(07FOH) Read/Write R/IW R/IW R/W R/IW R/IW R/IW
Prohibitto | Reset State 0 0 0 0 0 0
read- Function When read 0: Not generate interrupt  When write  0: Clear flag
modify- 1: Generate interrupt 1 -
write

Note: The above interrupts can release Halt state from IDLE2 and IDLE1 mode. (STOP mode cannot be released)

*Those 6 interrupts of all 24 INTUSB sources can release Halt state from IDLE1 mode. Therefore, a low power dissipation

system can be built. However, the method of use is limited as below.

Shift to IDLE1 mode :

Execute Halt instruction when the INT_SUS or INT_CLKSTOP flag is “1” (SUSPEND state)
Release from IDLE1 mode :

Release Halt state by INT_RESUME or INT_CLKON request (request of release SUSPEND)
Release Halt state by INT_URST_STR or INT_URST_request (request of RESET)

INT _URST_STR (Bit7)

This is the flag register for INT_URST_STR (“USB reset” start - interrupt).

This is set to “1” when the UDC started to receive a “USB reset” signal from a
USB-host.

An application program has to initialize the whole UDC with this interrupt.

INT URST END (Bit6)

This is the flag register for INT_URST_END (“USB reset” end - interrupt).

This is set to “1” when the UDC receives a “USB reset end” signal from a
USB-host.

INT SUS (Bit5)

This is the flag register for INT_SUS (suspend - interrupt).
This is set to “1” when the USB changes to “suspend status”.

INT RESUME (Bit4)

This is the flag register for INT_RESUME (resume - interrupt).

This is set to “1” when the USB changes to “resume status”.

INT_CLKSTOP (Bit3)

This is the flag register for INT_CLKSTOP (enables stopping of the clock supply
- interrupt).

This 1s set to “1” after the USB changes to “suspend status”. Set
USBCR1<USBCLKE> to “0” to stop the clock after detecting this interrupt if
needed.

INT_CLKON (Bit2)

This is the flag register for INT CLKON (enabled starting clock supply -
interrupt).

This is set to “1” after changing to “resume status” or when the UDC started to
receive a “USB reset” signal from a USB-host. In case the clock has be stopped,
set USBCR1<USBCLKE> to “1” to start the clock after detecting this interrupt
if needed.
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7 6 5 4 3 2 1 0
USBINTFR2| bit Symbol EP1 FULL_A | EP1_Empty A | EP1_FULL B | EP1_Empty B [ EP2_FULL_A [ EP2_Empty A | EP2_FULL B | EP2_Empty B
(07F1H) | Read/write RIW RIW R/W RIW RIW RIW RIW R/W
Prohibit to | Reset State 0 0 0 0 0 0 0 0
read Function When read 0: Not generate interrupt  When write 0: Clear flag
-modify 1: Generate interrupt 1. -
-write
Note: The above interrupt can release Halt state from IDLE2 mode. (IDLE1 and STOP mode cannot be released.)
7 6 5 4 3 2 1 0
USBINTFR3 | bit Symbol EP3_FULL_A | EP3_Empty A | EP3_FULL_B | EP3_Empty B
(07F2H) | Read/write R/W R/W RIW RIW
Reset State 0 0 0 0
Prohibitto | eunction When read 0: Not generate interrupt
read 1: Generate interrupt
-modify When write 0: Clear flag
-write 1 -

Note: The above interrupt can release Halt state from IDLE2 mode. (IDLE1 and STOP mode cannot be released.)

EPx_FULL_A/B:
(When transmitting)
This is set to “1” when CPU full write data to FIFO_A/B.

(When receiving)
This is set to “1” when UDC full receive data to FIFO_A/B.

EPx_Empty_A/B:
(When transmitting)
This is set to “1” when FIFO become empty after transmission.

(When receiving)
This is set to “1” when FIFO becomes empty after CPU reads all data from FIFO.

Note: The EPx_FULL_A/B and EPx_Empty_A/B flags are not status flags. Therefore, check DATASET register to

determine if the FIFO-status is needed.
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7 6 5 4 3 2 1 0

USBINTER4 | bit Symbol INT_SETUP INT_EPO INT_STAS INT_STASN INT_EPIN INT_EP2N INT_EP3N

(07F3H) Read/Write R/W R/IW R/W R/IW R/W R/IW R/W

Prohibit to | Reset State 0 0 0 0 0 0 0

read Function When read 0: Not generate interrupt ~ When write  0: Clear flag

-modify 1: Generate interrupt 1 -

-write

Note: The above interrupt can release Halt state from IDLE2 mode. (IDLE1 and STOP mode cannot be released.)

INT_SETUP (Bit7)

This is the flag register for INT_SETUP (setup - interrupt).

This is set to “1” when the UDC receives a request that S/W (software) control is
needed from USB host.

Using S/W (INT_SETUP routine), first read 8-byte device requests from the
UDC and execute operation according to each request.

INT_EPO (Bit6)

This is the flag register for INT_EPO (received data of the data phase for Control
transfer type - interrupt).

This is set to “1” when the UDC receives data of the data phase for Control
transfer type. If this interrupt occurs during Control write transfer, data reading
from FIFO is needed. If this interrupt occurs during Control read transfer,
transmission data writing to FIFO is needed.

In some cases, the host may not assert “ACK” of the last packet in the data stage.
In this case, this interrupt cannot be generated. Therefore, ignore this interrupt
if it occurs after the last packet data has been written in the data stage because
the transmission data number is specified by the host, or it depends on the
capacity of the device.

INT STAS (Bit5)

This is the flag register for INT_STAS (status stage end - interrupt).
This 1s set to “1” when the status stage ends.
If this interrupt is generated, it means that request ended normally.

If this interrupt is not generated and INT_SETUP is generated, EPO_STATUS
<STAGE_ERR> is set to “1”, and it means that request did not end normally.
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o INT_STASN (Bit4)
This is the flag register for INT_STASN (change host status stage - interrupt).

This is set to “1” when the USB host changes to status stage at the Control read
transfer. This interrupt is needed if data length is less than wLength (specified
by the host).

e INT_EPxN (Bit3, 2, 1)

This is the flag register for INT_EPxN (NAK acknowledge to the USB host -
interrupt).

This 1s set to “1” when the Endpointl, 2 and 3 transmit NAK.
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7 6 5 4 3 2 1 0
USBINTMR1] bit Symbol | MSK_URST_STR |MSK_URST_END| MSK_SUS | MSK_RESUME | MSK_CLKSTOP | MSK_CLKON
(07F4H) | Read/Write RIwW RIW RIW RIwW RIW Riw
Reset State 1 1 1 1 1 1
Function When read 0: not masked When write O: Clear flag
1: masked 1: -

e MSK_URST_STR (Bit7)

This is the mask register for USBINTFRI1<INT_URST_STR>.
e MSK_URST_END (Bit6)

This is the mask register for USBINTFR1<INT_URST_END>.
o MSK_SUS (Bit5)

This is the mask register for USBINTFR1<INT_SUS>.
e MSK_RESUME (Bit4)

This is the mask register for USBINTFR1<INT _RESUME>.
e MSK_CLKSTOP (Bit3)

This is the mask register for USBINTFR1<INT_CLKSTOP>.
o MSK_CLKON (Bit2)

This is the mask register for USBINTFR1<INT_CLKON>.
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7 6 5 4 3 2 1 0
USBINTMR2 | bit Symbol EP1_MSK_FA | EP1_MSK_EA | EP1_MSK_FB | EP1_MSK_EB | EP2_MSK_FA | EP2_MSK_EA | EP2_MSK_FB | EP2_MSK_EB
(07F5H) Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State 1 1 1 1 1 1 1 1
Function When read 0: not masked When write 0: Clear flag
1: masked 1: -
e EP1/2_MSK_FA/FB/EA/EB
This is the mask register for USBINTFR2<EPx FULL_A/B> or
<EPx_Empty_A/B>.
7 6 5 4 3 2 1 0
USBINTMR3 | bit Symbol EP3_MSK_FA | EP3_MSK_EA
(07F6H) Read/Write R/IW R/IW
Reset State 1 1
Function When read 0: not masked

1: masked
When write 0: Clear flag
1. -

e EP3 MSK FA/FB/EA/EB:
This is the mask register for USBINTFR3<EP3_FULL_A> or <EP3_Empty_A>.
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USBINTMR4
(07F7H)

7 6 5 4 3 2

1

bit Symbol

MSK_SETUP

MSK_EPO MSK_STAS MSK_STASN MSK_EP1N MSK_EP2N

MSK_EP3N

Read/Write

R/W R/W R/W R/IW R/W R/W

RIW

Reset State

1 1 1 1 1 1

1

Function

When read 0: Be not masked When write 0: Clear flag
1: Be masked 1 -

MSK_SETUP (Bit7)

This is the mask register for USBINTFR4<INT_SETUP>.

MSK_EPO (Bit6)

This is the mask register for USBINTFR4<INT_EP0>.
MSK_STAS (Bit5)
This is the mask register for USBINTFR4<INT_STAS>.
MSK_STASN (Bit4)

This is the mask register for USBINTFR4<INT_STASN>.

MSK_EPI1N (Bit3)

This is the mask register for USBINTFR4<INT_EP1N>.
MSK_EP2N (Bit2)

This is the mask register for USBINTFR4<INT_EP2N>.
MSK_EP3N (Bit1)

This is the mask register for USBINTFR4<INT_EP3N>.
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3.16.3 UDC CORE

3.16.3.1 SFRs
The UDC CORE has the following SFRs to control the UDC and USB transceiver.

a) FIFO
Endpoint 0to 3 FIFO register

b) Device request

bmRequestType register bRequest register
wValue_L register wValue_H register
windex_L register windex_H register
wLength_L register wLength_H register
c) Status
Current_Config register USB_STATE register
StandardRequest register Request register
EPx_STATUS register
d) Setup
EPx_BCS register EPx_SINGLE register
Standard Request Mode register Request Mode register
Descriptor RAM register PortStatus register
e) Control
EPx_MODE register EOP register
COMMAND register INT_ Control register
Setup Received register USBREADY register
f) Others
ADDRESS register DATASET register
EPx_SIZE_L_A register EPx_SIZE_H_A register
EPx_SIZE_L_B register EPx_SIZE_H_B register
FRAME_L register FRAME_H register
USBBUFF TEST register
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Table 3.16.2 UDC CORE SFRs (1/3)
Address |Read/Write SFR Symbol
0500H R/W Descriptor RAMO
0501H R/W Descriptor RAM1
0502H R/W Descriptor RAM2
0503H R/W Descriptor RAM3
067DH R/W Descriptor RAM381
067EH R/W Descriptor RAM382
067FH R/W Descriptor RAM383
0780H R/W ENDPOINTO
0781H R/W ENDPOINT1
0782H R/W ENDPOINT2
0783H R/W ENDPOINT3
*0784H R/W ENDPOINT4
*0785H R/W ENDPOINT5
*0786H R/W ENDPOINT6
*0787H R/W ENDPOINT7
0788H - Reserved
0789H R/W EP1_MODE
078AH R/W EP2_MODE
078BH R/W EP3_MODE
*078CH R/W EP4_MODE
*078DH R/W EP5_MODE
*078EH R/W EP6_MODE
*078FH R/W EP7_MODE
0790H R EPO_STATUS
0791H R EP1_STATUS
0792H R EP2_STATUS
0793H R EP3_STATUS
*0794H R EP4_STATUS
*0795H R EP5_STATUS
*0796H R EP6_STATUS
*0797H R EP7_STATUS
0798H R EPO_SIZE_L_A
0799H R EP1_SIZE L_A
079AH R EP2_SIZE_L_A
079BH R EP3_SIZE_L_A
*079CH R EP4_SIZE_L_A
*079DH R EP5_SIZE L_A
*079EH R EP6_SIZE_L_A
*079FH R EP7_SIZE_L_A
07A1H R EP1_SIZE L_B
07A2H R EP2_SIZE_L_B
07A3H R EP3_SIZE_L_B
*07A4H R EP4_SIZE_L_B
*07A5H R EP5_SIZE L B
*07A6H R EP6_SIZE L B
*07A7H R EP7_SIZE_L_B
07A8H - Reserved
Note: “*” is not used in the TMP92CF30.
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Table 3.16.3 UDC CORE SFRs (2/3)
Address |Read/Write SFR Symbol
07A9H R EP1_SIZE_H_A
07AAH R EP2_SIZE_H_A
07ABH R EP3_SIZE_H_A
*07ACH R EP4_SIZE_H_A
*07ADH R EP5_SIZE_H_A
*07AEH R EP6_SIZE_H_A
*07AFH R EP7_SIZE_H_A
07B1H R EP1_SIZE_H B
07B2H R EP2_SIZE_H_B
07B3H R EP3_SIZE_H_B
*07B4H R EP4_SIZE_H_B
*07B5H R EP5_SIZE_H_B
*07B6H R EP6_SIZE_H_B
*07B7H R EP7_SIZE_H_ B
07COH R bmRequestType
07C1H R bRequest
07C2H R wValue_L
07C3H R wValue_H
07C4H R windex_L
07C5H R windex_H
07C6H R wlLength_L
07C7H R wLength_H
07C8H w Setup Received
07C9H R Current_Config
07CAH R Standard Request
07CBH R Request
07CCH R DATASET1
07CDH R DATASET2
07CEH R USB_STATE
07CFH w EOP
07DOH w COMMAND
07D1H R/W EPx_SINGLE1
*07D2H R/W EPx_SINGLE2
07D3H R/W EPx_BCS1
*07D4H R/W EPx_BCS2
07D5H - Reserved
07D6H R/W INT_Control
07D7H - Reserved
07D8H R/W Standard Request Mode
07D9H R/W Request Mode
07DAH - Reserved
07DBH - Reserved
07DCH - Reserved
07DDH - Reserved
07DEH w ID_CONTROL
07DFH R ID_STATE
Note: “*" is not used in the TMP92CF30.
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Table 3.16.4 UDC CORE SFRs (3/3)

Address |Read/Write SFR Symbol
O7EOH R/W Port_Status
07E1H R FRAME_L
07E2H R FRAME_H
07E3H R ADDRESS
*07E4H - Reserved
*07E5H - Reserved
07E6H R/W USBREADY
*07E7H - Reserved
07E8H W Set Descriptor STALL

Note: “*" is not used in the TMP92CF30.
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3.16.3.2 EPx_FIFO Register (x: 0 to 3)
This register is prepared for each endpoint independently.
This is the window register from or to FIFO RAM.

In the auto bus enumeration, the request controller in UDC sets the mode, which is
defined by the endpoint descriptor for each endpoint automatically. By this means,
each endpoint is automatically set to each voluntary direction.

7 6 5 4 3 2 1 0
Endpoint0| bit Symbol | EPO_DATA7|EPO DATAG6 [EPO DATA5| EPO DATA4 | EPO DATA3[EPO DATA2|EPO DATAL1|EPO DATAQO
(0780H) | Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State | Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Endpoint1| bit Symbol | EP1 DATA7|EP1 DATA6|EP1 DATAS [EP1 DATA4|EP1 DATA3|EP1 DATA2[EP1 DATA1|EP1 DATAO
(0781H) | Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State] Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Endpoint2 | bit Symbol | EP2 DATA7 |EP2 DATAG6|EP2 DATAS |EP2 DATA4|EP2 DATA3|EP2 DATA2|EP2 DATAL|EP2 DATAO
(0782H) | Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State] Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
7 6 5 4 3 2 1 0
Endpoint3] bit Symbol | EP3_DATA7 [EP3 DATAG6| EP3 DATAS5|EP3 DATA4 [EP3 DATA3|EP3 DATA2|EP3 DATAL|EP3 DATAO
(0783H) | Read/Write R/W R/W R/W R/W R/W R/W R/IW R/W
Reset State] Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Note: Read or write to these window registers using 1-byte load instructions only, since each register has only a 1-

byte address. Do not use load instructions of 2 bytes or 4 bytes.

The device request that is received from the USB host is stored in the to following
8-byte registers:

bmRequestType,
wLength_L and wLength_H. These are updated whenever a new SETUP token is
received from the host.

When the UDC receives without error, INT_SETUP interrupt is asserted, meaning
the new device request has been received.

bRequest,

wValue_L,

wValue_H,

wlndex_L,

wlndex_H,

There is also request which is operated automatically by the UDC, depending on the
request received.
In that case, the UDC does not assert the INT_SETUP interrupt. Any request which

the UDC is currently operating can be checked by reading
STANDARD_REQUEST_FLAG and REQUEST_FLAG.
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3.16.3.3 bmRequestType Register
This register shows the bmRequestType field of the device request.

7 6 5 4 3 2 1 0
bmRequestType| bit Symbol | DIRECTION | REQ TYPE1l | REQ TYPEO | RECIPIENT4 | RECIPIENT3 | RECIPIENT2 | RECIPIENT1 | RECIPIENTO
(07COH) Read/Write R R R R R R R R

Reset State 0 0 0 0 0 0 0 0
DIRECTION (Bit7) 0: from host to device
1: from device to host
REQ_TYPE [1:0] (Bit6 to bit5) 00: Standard
01: Class
10: Vendor
11: (Reserved)
RECIPIENT [4:0] (Bit4 to bit0) 00000: Device
00001: Interface
00010: Endpoint
00011: etc.
Others: (Reserved)
3.16.3.4 bRequest Register
This register shows the bRequest field of the device request.

7 6 5 4 3 2 1 0
bRequest| bit Symbol REQUEST7| REQUEST6 | REQUESTS5 |REQUEST4| REQUEST3 | REQUEST2 | REQUEST1 [REQUESTO
(07C1H) | Read/Write R R R R R R R R

Reset State 0 0 0 0 0 0 0 0
(Standard) (Printer class)
00000000: GET_STATUS 00000000: GET_DEVICE_ID
00000001: CLEAR_FEATURE 00000001: GET_PORT_STATUS
00000010: Reserved 00000010: SOFT_RESET
00000011: SET_FEATURE
00000100: Reserved
00000101: SET_ADDRESS
00000110: GET_DESCRIPTOR
00000111: SET_DESCRIPTOR
00001000: GET_CONFIGURATION
00001001: SET_CONFIGURATION
00001010: GET_INTERFACE
00001011: SET_INTERFACE
00001100: SYNCH_FRAME
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wValue_L
(07C2H)

wValue_H
(07C3H)

windex_L
(07C4H)

windex_H
(07C5H)

3.16.3.5 wValue Register

There are 2 registers; the wValue_L register and wValue_H register. wValue_L
shows the lower-byte of the wValue field of the device request, and wValue_H register
shows the upper byte.

7 6 5 4 3 2 1 0
bit Symbol VALUE L7 | VALUE L6 | VALUE L5 | VALUE L4 [ VALUE L3 | VALUE L2 | VALUE L1 | VALUE LO
Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit Symbol VALUE H7 | VALUE H6 | VALUE H5 | VALUE H4 | VALUE H3 | VALUE H2 | VALUE H1 | VALUE HO
Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0

3.16.3.6

windex Register

There are 2 registers, the windex_L register and wlndex_H register. the windex_L
register shows the lower byte of the wlndex field of the device request, and windex_H
register shows the upper byte.

These are usually used to transfer index or offset.

7 6 5 4 3 2 1 0
bit Symbol INDEX_L7 INDEX_L6 INDEX_L5 INDEX_L4 INDEX_L3 INDEX_L2 INDEX_L1 INDEX_LO
Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
bit Symbol INDEX_H7 INDEX_H6 | INDEX_H5 | INDEX_H4 | INDEX_H3 | INDEX_H2 | INDEX_H1 | INDEX_HO
Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0

3.16.3.7

wlLength Register

There are 2 registers, the wLength_L register and wLength_H register. The
wLength_L register shows the lower-byte of the wLength field of the device request
and wLength_H register shows the upper byte.

In the case of data phase, these registers show the byte number to transfer.

7 6 5 4 3 2 1 0
wlLength_L | bit Symbol LENGTH L7 |LENGTH L6|[LENGTH L5|LENGTH L4|LENGTH L3|LENGTH L2 |LENGTH L1[LENGTH LO
(07C6H) | Read/Write R R R R R R R R

Reset State 0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0
wLength_H ] bit Symbol LENGTH H7[LENGTH H6|LENGTH H5|LENGTH H4[LENGTH H3|LENGTH H2|LENGTH H1[LENGTH HO
(07C7H) Read/Write R R R R R R R R

Reset State 0 0 0 0 0 0 0 0
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3.16.3.8 Setup Received Register

This register informs the UDC that an application program has recognized the
INT_SETUP interrupt.

7 6 5 4 3 2 1 0
SetupReceived| bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
(07C8H) Read/Write w w W w w W W W
Reset State 0 0 0 0 0 0 0 0

If this register is accessed by an application program, the UDC disables access to the
EPO’s FIFO RAM because the UDC recognizes the device request has been received.

This is to protect data stored in the EPO in the time between the completion of the
previous device request and the recognition by the application program of the
INT_SETUP interrupt relating to a new request f.

Therefore, write “O0H” to this register when the device request in INT_SETUP
routine is recognized.

Note : A recovery time of 2clock at 12MHz is needed after writing to this register in order to access EPO_FIFO.

3.16.3.9 Current_Config Register

This register shows the present value that is set by SET_CONFIGURATION and
SET_INTERFACE.

7 6 5 4 3 2 1 0

Current_Config| bit Symbol | REMOTEWAKEUP ALTERNATE[1] | ALTERNATE[0] | INTERFACE[1] | INTERFACE[0] [ CONFIG[1] CONFIG[0]
(07C9H) Read/Write R R R R R R R
Reset State 0 0 0 0 0 0 0

CONFIGI1:0] (Bit1 to bit0)

00: UNCONFIGURED Set to UNCONFIGURED by the host.
01: CONFIGURED1 Set to CONFIGURED 1 by the host.
10: CONFIGURED2 Set to CONFIGURED 2 by the host.

INTERFACE[1:0] (Bit3 to bit2)

00: INTERFACEO Set to INTERFACE 0 by the host.
01: INTERFACE1 Set to INTERFACE 1 by the host.
10: INTERFACE2 Set to INTERFACE 2 by the host.

ALTERNATE[1:0] (Bit5 to bit4)

00: ALTERNATEO Set to ALTERNATE 0 by the host.

01: ALTERNATE1 Set to ALTERNATE 1 by the host.

10: ALTERNATE?2 Set to ALTERNATE 2 by the host.
REMOTE WAKEUP (Bit7)

0: Disable Disabled remote wakeup by the host.

1: Enable Enabled remote wakeup by the host.

Notel: CONFIG, INTERFACE and ALTERNATE each support 3 kinds (0,1 and 2).

Note2: If each request is controlled by S/W, this register is not set.
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3.16.3.10 Standard Request Register
This register shows the standard request currently being executed.
Any bit which is set to “1” shows a request currently being executed.
7 6 5 4 3 2 1 0
Standard Request | bit Symbol | s INTERFACE | G_INTERFACE | S_CONFIG | G_CONFIG |G_DESCRIPT | S_FEATURE | C_FEATURE | G_STATUS
(07CAH) Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0
S_INTERFACE (Bit 7) : SET_INTERFACE
G_INTERFACE (Bit 6) : GET_INTERFACE
S_CONFIG (Bit 5) : SET_CONFIGRATION
G_CONFIG (Bit 4) : GET_CONFIGRATION
G_DESCRIPT (Bit 3) : GET_DESCRIPTOR
S_FEATURE (Bit 2) : SET_FEATURE
C_FEATURE (Bit 1) : CLEAR_FEATURE
G_STATUS (Bit 0) : GET_STATUS
3.16.3.11 Request Register
This register shows the device request currently being executed.
Any bit which is set to “1” shows a request currently being executed.
7 6 5 4 3 2 1 0
Request | bit Symbol SOFT_RESET | G_PORT_STS | G_DEVICE_ID| VENDOR CLASS | EXSTANDARD | STANDARD
(07CBH) | Read/Write R R R R R R
Reset State 0 0 0 0 0 0 0
SOFT_RESET (Bit 6) : SOFT_RESET
G_PORT_STS (Bit 5) : GET_PORT_STATUS
G_DEVICE_ID (Bit 4) : GET_DEVICE_ID
VENDOR (Bit 3) : Vendor class request
CLASS (Bit 2) : Class request
ExSTANDARD (Bit 1) : Auto Bus Enumeration not supported
(SET_DESCRIPTOR, SYNCH_FRAME)
STANDARD (Bit 0) : Standard request
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DATASET1
(07CCH)

DATASET2
(07CDH)

3.16.3.12 DATASET Register

This register shows whether FIFO contains data or not.

The application program can access this register to check whether FIFO contains

data or not.

In the receiving status, when valid data transfer from the USB host has finished,

the bit which corresponds to the corresponding endpoint is set to “1” and an interrupt
generated. And, when the application reads the 1-packet data, this bit is cleared to “0”.
In transmit status, when it has completed the 1-packet data transfer to FIFO, this bit

1s set to “1”. And when valid data is transferred to the USB host, this bit is cleared to

“0” and an interrupt generated.

7

6 5 4 3 2 1 0

bit Symbol EP3 DSET B|EP3 DSET A|EP2 DSET B|EP2 DSET A|EP1 DSET B|EP1 DSET A EPO DSET A
Read/Write R R R R R R R
Reset State 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

bit Symbol EP7 DSET B|EP7 DSET A[EP6 DSET B|EP6 DSET A|EP5 DSET B|EP5 DSET A|EP4 DSET B|EP4 DSET A
Read/Write R R R R R R R R
Reset State 0 0 0 0 0 0 0 0

Note: DATASET1<EP3_DSET_B>, DATASET?2 registers are not used in the TMP92CF30.

Single packet mode

(DATASET1: Bit0, bit2, bit4 and bit6
These bits show whether FIFO of the corresponding endpoint has data or not.

DATASET?2: Bit0, bit2, bit4 and bit6)

In receive mode endpoint, if the corresponding endpoint bit is “1”, FIFO contains

data to be read. Access EPx_SIZE register, determine the size of the data that should
be read, and read data of this size. When this bit is “0”, there is no data to be read.

In transmit mode endpoint, if the corresponding endpoint bit is “0”, the CPU can

mode.

Dual packet mode
(DATASET1: Bit3, bit5 and bit7

DATASET?2: Bit1, bit3 bit5 and bit7)
These bits become effective in the dual packet mode. FIFO has 2-packets in this

Each packet (packet-A and packet-B) has its own DATASET-bit.

Unlike as in the case above, in isochronous transfer, this shows the packet that can
access the current frame. In this case, whether bit A or B is set to “1”, it is renewed
according to the shifting frame.

transfer data under the FIFO payload. If this bit is “1”, because FIFO has transfer
data waiting, transfer data to FIFO from UDC after the corresponding bit has been
cleared to “0”. When a short-packet is transferred, access EOP register after writing
transmission data to the corresponding endpoint.
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Notel: In receive mode, if the endpoint bits corresponding to packet-A or paclet-B are “1”, read the required
packet-number data after checking EPx_SIXE<PKT_ACTIVE>.

Note2: In transmit mode, if both A and B bits are not “1”, this means there is space in FIFO. So, write data of payload
or less to FIFO. If the transmission is short-packet, write “0” to EOP<EPn_EOPB> after writing data to the FIFO.
The maximum size that can be written to A or B packet is the same as the maximum payload size. If both A and
B bits are “0”, continuous writing of double maximum payload size is available.

Note3: In dual packet transmit mode, if both A and B packet are empty and EOP<EPn_EOPB> is written “0”, the
NULL-data is set to FIFO. In single mode, the NULL-data is also set to FIFO if the above operation is executed
when packet-A contains no data.

Note4:No data is set in this register when NULL-packet (OLength-packet) is received.
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3.16.3.13 EPx_STATUS Register (x: 0to 7)

These registers are status registers for each endpoint. The <SUSPEND> is common
to all endpoints.

7 6 5 4 3 2 1 0

EPO_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] |FIFO DISABLE| STAGE_ERR
(0790H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP1_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] [FIFO _DISABLE| STAGE_ERR
(0791H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP2_STATUS] bit Symbol TOGGLE SUSPEND STATUS[2] STATUS[1] STATUSI[0] |FIFO_DISABLE [ STAGE_ERR
(0792H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP3_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] |FIFO DISABLE| STAGE ERR
(0793H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP4_STATUS] bit Symbol TOGGLE SUSPEND STATUS[2] STATUS[1] STATUSI[0] |FIFO_DISABLE [ STAGE_ERR
(0794H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP5_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] |FIFO DISABLE| STAGE_ERR
(0795H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP6_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] [FIFO _DISABLE| STAGE_ERR
(0796H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0
7 6 5 4 3 2 1 0

EP7_STATUS] bit Symbol TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] |FIFO DISABLE| STAGE_ERR
(0797H) Read/Write R R R R R R R
Reset State 0 0 1 1 1 0 0

Note: EP4, 5, 6 and 7_STATUS registers are not used in the TMP92CF30.

TOGGLE Bit (Bit6) This bit shows status of toggle sequence bit.
0: TOGGLE Bit0
1: TOGGLE Bitl

SUSPEND (Bit5) This bit shows status of UDC power management.
0: RESUME In the SUSPEND status, access to UDC is limited.
1: SUSPEND

For details, refer to 3.16.9.
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STATUS [2:0]
(Bit4 to bit2)

000:

001:

010:

011:

100:

101:

110:

111:

READY Receiving:

Transmitting:

DATAIN

FULL

TX_ERR

RX_ERR

BUSY

STALL

INVALID

These bits show status of UDC endpoint.

The status shows whether transfer is possible or not, and the
result of the transfer. These depend on transfer type.

(For the Isochronous transfer type, refer to 3.16.9.)

Device can be received.

In endpoints 1 to 7, this register is initialized to “READY” by setting transfer type at
SET_CONFIGURATION.

In endpoint 0, this register is initialized to “READY” by detecting USB reset from the
host.

This is initialized to “READY” by terminating the status stage without error.
Basically, the same as with “Receiving”.

But in transmitting, when data for transmission is set to FIFO and answer to token
from host and transfer data to host collect and received ACK, status register does not
change, and it remains “READY". In this case, EPx_Empty_ A or EPx_Empty B
interrupt terminates the transfer correctly.

UDC set to DATAIN and generates EPx_FULL_A or EPx_FULL_B interrupt when
data is received from the host without error.

Refer to 3.16.8 (2) Details for the STATUS register.

After transfer of data to IN token from host, UDC sets TX-ER to status register when
“ACK" is not received from host. In this case, an interrupt is not generated. The hosts
re-try IN token transfer.

UDC sets RX_ERR to status register without transmitting “ACK” to host when an
error (such as a CRC-error) is detected in data of received token. In this case, an
interrupt is not generated. The hosts re-try and IN token transfer. In case of toggle
error with normal data, UDC returns ACK and set RX_ERR of STATUS register.

This status is used only for the control transfer type and it is set when a status-stage
token is received from the host after a terminated data-stage.

When status-stage can be finished, terminates correctly and returns to READY. This
is not used in the Bulk and interrupts transfer type.

This status shows that the corresponding endpoint is in STALL status.

In this status, STALL-handshake returns, except for SETUP-token. The control
endpoint returns to READY from stall condition when SETUP-token is received.

Other endpoints return to READY when initialization command of FIFO is received.
This status shows that the corresponding endpoint is in UNCONFIGURED status.
In this status, the UDC has no effect when a token is received from the host.

On reset, all endpoints are set to INVALID status. Only endpoint O returns to READY
on receiving USB-reset. Corresponding endpoints return to READY by according to
configuration.
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FIFO_DISABLE (Bit1)

0: FIFO enabled
1: FIFO disabled

STAGE_ERROR (Bit0)

0: SUCCESS
1: ERROR

This bit symbol shows FIFO status except for EPO.

If the FIFO is set to disabled, the UDC transmits NAK
handshake for all transfers. Disabled or enabled status is set the
COMMAND register. This bit is cleared to “0” when transfer type
1s changed.

This bit symbol shows that the status stage has not been
terminated correctly. ERROR is set when a status stage is not
terminated correctly and a new SETUP token is received.

When this bit is “17, this bit is cleared to “0” by read
EPO_STATUS register. This bit is not cleared even if normal
control transfer or other transfer i1s executed after. To clear, read
this bit. When software transaction is finished and UDC writes
EOP register, UDC shifts to status register and waits
termination of status stage. In this case, if software 1s needed to
confirm that the status stage has been terminated correctly, when
a new request flag is received, it is possible to confirm whether or
not the last request has been terminated correctly. It can also be
confirmed, when a new request flag is asserted, whether or not
the last request has been cancelled before completion.
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3.16.3.14 EPx_SIZE Register (x: 0 to 7)
These registers have the following functions.
a) In receive mode, showing the 1-packet data number which has been received correctly.

b) In the transmit mode, showing payload size. Showing length value when short packet
1s transferred.
It is not necessary to read this register when it is transmitting.

¢) Showing dual packet mode and currently effective packet.

Each endpoint has an H (High)-register that shows upper bit 9 to bit7 of data size
and an L (Low) register which shows lower bit 6 to bit0 and control bit of FIFO.

Each H/L register also has 2-set for dual-packet mode.

7 6 5 4 3 2 1 0

EPO_SIZE_L_A|bit Symbol PKT_ACTIVE | DATASIZE6 | DATASIZE5 | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1l | DATASIZEQ
(0798H) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP1_SIZE_L_A|bit Symbol PKT ACTIVE | DATASIZE6 | DATASIZES | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1 | DATASIZEQ
(0799H) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP2_SIZE_L_A|bit Symbol PKT ACTIVE | DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 | DATASIZEO
(079AH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP3_SIZE_L_A|bit Symbol PKT_ACTIVE | DATASIZE6 | DATASIZE5 | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1 | DATASIZEQ
(079BH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP4_SIZE_L_A|bit Symbol PKT ACTIVE | DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 | DATASIZEO
(079CH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP5_SIZE_L_A|bit Symbol PKT_ACTIVE | DATASIZE6 | DATASIZE5 | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1l | DATASIZEQ
(079DH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP6_SIZE_L_A|bit Symbol PKT ACTIVE | DATASIZE6 | DATASIZE5 | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1 | DATASIZEQ
(079EH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP7_SIZE_L_A|bit Symbol PKT_ACTIVE | DATASIZE6 | DATASIZE5 | DATASIZE4 | DATASIZE3 | DATASIZE2 | DATASIZE1l | DATASIZEQ
(079FH) Read/Write R R R R R R R R
Reset State 1 0 0 0 1 0 0 0

Note: EP4,5,6,7_SIZE_L_A registers are not used in the TMP92CF30.
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7 6 5 4 3 2 1 0

EP1_SIZE_L_B |bit Symbol PKT_ ACTIVE [DATASIZEG6|DATASIZES |DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEQ
(07A1H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP2_SIZE_L_B | bit Symbol PKT_ACTIVE |DATASIZE6|DATASIZES | DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEO
(07A2H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP3_SIZE_L_B |bit Symbol PKT ACTIVE |DATASIZE6|DATASIZES | DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEO
(07A3H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP4_SIZE_L_B | bit Symbol PKT_ACTIVE |DATASIZE6|DATASIZES | DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEO
(07A4H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP5_SIZE_L_B | bit Symbol PKT ACTIVE |DATASIZE6|DATASIZES | DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEO
(07A5H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP6_SIZE_L_B |bit Symbol PKT_ ACTIVE [DATASIZEG6|DATASIZES |DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEQ
(07A6H) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0
7 6 5 4 3 2 1 0

EP7_SIZE_L_B | bit Symbol PKT ACTIVE |DATASIZE6|DATASIZES | DATASIZE4 | DATASIZE3| DATASIZE2 | DATASIZEL | DATASIZEO
(07ATH) Read/Write R R R R R R R R
Reset State 0 0 0 0 1 0 0 0

Note EP3,4,5,6,7_SIZE_L_B registers are not used in the TMP92CF30.
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5 4 2 1 0

EP1_SIZE_H_A | bit Symbol DATASIZE9 [ DATASIZES8 | DATASIZE7
(07A9H) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP2_SIZE_H_A | bit Symbol DATASIZE9 | DATASIZES8 | DATASIZE7
(O7AAH) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP3_SIZE_H_A | bit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07ABH) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP4_SIZE_H_A | bit Symbol DATASIZE9 | DATASIZES8 | DATASIZE7
(07ACH) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP5_SIZE_H_A | bit Symbol DATASIZEY | DATASIZES | DATASIZE7
(07ADH) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP6_SIZE_H_A | bit Symbol DATASIZE9 [ DATASIZES8 | DATASIZE7
(07AEH) Read/Write R R R
Reset State 0 0 0
5 4 2 1 0

EP7_SIZE_H_A | bit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07AFH) Read/Write R R R
Reset State 0 0 0

Note EP4,5,6,7_SIZE_H_A registers are not used in the TMP92CF30.
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7 6 5 4 3 2 1 0

EP1_SIZE_H_B | bhit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07B1H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP2_SIZE_H_B | bit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07B2H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP3_SIZE_H_B | bit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07B3H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP4_SIZE_H_B | bit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07B4H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP5_SIZE_H_B | bit Symbol DATASIZE9 | DATASIZE8 | DATASIZE7
(07B4H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP6_SIZE_H_B | bhit Symbol DATASIZE9 | DATASIZES | DATASIZE7
(07B6H) Read/Write R R R
Reset State 0 0 0
7 6 5 4 3 2 1 0

EP7_SIZE_H_B | bit Symbol DATASIZE9 | DATASIZE8 | DATASIZE7
(07B7H) Read/Write R R R
Reset State 0 0 0

Note EP3,4,5,6,7_SIZE_H_B registers are not used in the TMP92CF30.

DATASIZE[9:7] (H register: Bit2 to bit0)
DATASIZE[6:0] (L register: Bit6 to bit0)

PKT _ACTIVE (L register: Bit7)

1: OUT_ENABLE
0: OUT_DISABLE

In receiving, the data number of the 1 packet received
from the host is shown. This is renewed when data from
the host 1s received with no error.

By setting EPx_MODE register, these bits are
initialized to MAX pay load size in bulk/interrupt
transfer, and “0” in isochronous transfer.

When dual-packet mode is selected, this bit show the
packet that can be accessed. In this case, the UDC
accesses packets that divide FIFO (Packet A and
Packet B) mutually. When FIFO in UDC is accessed by
CPU, refer to this bit. If receiving endpoint, start
reading from that packet that this bit is “1”. In
single-packet mode, this bit has no effect because
packet-A is always used.
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3.16.3.15 FRAME Register

This register shows the frame number which is issued with SOF token from the host

and is used for Isochronous transfer type.

Each HIGH and LOW register shows upper and lower bits.

7 6 5 4 3 2 1 0
FRAME_L | bit Symbol - T[6] T[5] T[4] T[3] T[2] T[1] T[0]
(07E1H) Read/Write R R R R R R R
Reset State 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

FRAME_H| bit Symbol T[10] T[9] T[8] T[7] CREATE | FRAME STS1 |FRAME STSO
(07E2H) | Read/Write R R R R R R R
Reset State 0 0 0 0 0 1 0

T[10:7] (H register: Bit7 to bit4)
T[6:0] (L register: Bit6 to bit0)

CREATE (H register: Bit2)

0: DISABLE
1: ENABLE

FRAME STS[1:0]
(H register: Bit1 and bit0)

0: BEFORE
1: VALID
2: LOST

3.16.3.16 ADDRESS Register

These bits are renewed when SOF-token is received.
They also shows the frame-number.

These bits show whether the function that generates
SOF automatically from the UDC is enabled or not. This
is used in case of error in receiving SOF token.

This function is set by accessing COMMAND register.

On reset, this bit is 1nitialized to “0”.

These bits show the status whether a frame number
that is shown in the FRAME register is correct or not. At
the LOST status, a correct frame number is undefined.

If this register is “VALID”, the number that is shown to
the FRAME register is correct.

If this register is “BEFORE”, during SOF auto
generation, BEFORE condition shows it from USB host
controller inside that from SOF generation time to
reception of SOF token. Correct frame-number value is
the value that is selected from FRAME register value.

This register shows the device address which is specified by the host in bus

enumeration.

By reading this register, the present address can be confirmed.

7 6 5 4 3 2 1 0

ADDRESS | bit Symbol A6 A5 A4 A3 A2 Al A0
(O7E3H) Read/Write R R R R R R
Reset State 0 0 0 0 0 0 0

ADDRESS [6:0] (Bit6 to bit0)

The UDC compares this registers and address in all packet
ID, and UDC judges whether it is an effective transaction or
not.

This is initialized to “O0H” by USB reset.
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3.16.3.17 EOP Register

This register is used when a control transfer type dataphase terminates or when a
short packet is transmitting bulk-IN or interrupt-IN.

7 6 5 4 3 2 1 0

EOP bit Symbol EP7_EOPB | EP6_EOPB | EP5_EOPB | EP4_EOPB | EP3_EOPB | EP2_EOPB | EP1_EOPB | EPO_EOPB
(07CFH) | Read/Write W W W w W w W w
Reset State 1 1 1 1 1 1 1 1

Notel: EOP<EP7_EOPB, EP6_EOPB, EP5_EOPB, EP4_EOPB> registers are not used in the TMP92CF30.
Note2: When writing to this register, a recovery time of 5clocks at 12MHz is needed. After writing this register, insert

dummy instruction of 420 ns or longer.

In a control transfer type dataphase, write “0” to <EPO_EOPB> when all
transmission data is written to the FIFO, or read all receiving data from the FIFO.
The UDC terminates its status stage on this signal.

When a short packet is transmitted by using bulk-IN or interrupt-IN endpoint, use

this to terminate writing of transmission data. In this case, write “0” to <EP0O_EOPB>
of writing endpoint. Write “1” to other bits.
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3.16.3.18 Port Status Register
This register is used when a request of printer class request is received.

In the case of a GET_PORT_STATUS request, the UDC operates automatically
using this data.

7 6 5 4 3 2 1 0

Port Status | bit Symbol Reserved7 | Reserved6 | PaperError Select NotError Reserved2 | Reservedl | ReservedO
(O7EOQH) Read/Write W W W W W W W W
Reset State 0 0 0 1 1 0 0 0

Note: The TMP92CF30 doed not use this register since not support printer-class.

The data should be written before receiving request.

Write “0” to the <Reserved> bit of this register. This register is initialized to “18H”
on reset.

3.16.3.19 Standard Request Mode Register

This register sets the answer for Standard Request either answering automatically
in hardware, or by control through software. Each bit represents a kind of request.

When the relevant bit in this register is set to “0”, the answer is executed
automatically by hardware. When the relevant bit in this register is set to “1”, the
answer is controlled by software. If a request is received during hardware control, the
interrupt signal (INT_SETUP, INT_EPO, INT STAS, INT_STAN) is set to disable. If a
request is received during software control, the interrupt signal is asserted, and it is
controlled by software.

7 6 5 4 3 2 1 0
Standard Request Mode |bit Symbol S Interface | G Interface | S Config G_Config G Descript | S Feature | C Feature G_Status
(07D8H) Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State 0 0 0 0 0 0 0 0
S_Intetface (Bit 7) : SET_INTERFACE
G_Interface (Bit 6) : GET_INTERFACE
S_Config (Bit 5) : SET_CONFIGRATION
G_Config (Bit 4) : GET_CONFIGRATION
G_Descript (Bit 3) : GET_DESCRIPTOR
S _Feature (Bit 2) : SET FEATURE
C_Feature (Bit 1) : CLEAR_FEATURE
G_Status (Bit 0) : GET_STATUS
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Request Mode
(07D9H)

3.16.3.20 Request Mode Register

This register sets the answer for Class Request either automatically in hardware or
by control through software. Each bit represents a kind of request.

When relevant bit in this register is set to “0”, the answer is executed automatically
by hardware. When relevant bit in this register is set to “1”, the answer is controlled
by software. If request is received during hardware control, interrupt signal
(INT_SETUP, INT_EPO, INT_STAS, INT_STATUSN) is set to disable. If a request is
received during software control, the interrupt signal is asserted, and it is controlled
by software.

7 6 5 4 3 2 1 0
bit Symbol Soft Reset | G Port Sts | G Deviceld
Read/Write R/W R/W R/W
Reset State 0 0 0

Note: the TMP92CF30 doed not use this register since it does not support printer-class.

- Bit 7) : Reserved

Soft_Reset (Bit 6) :SOFT RESET

G_Port_Sts (Bit 5) :GET_PORT _STATUS
(Bit 4) : GET_DEVICE_ID

G_Config

(Bit 3 to 0) : Reserved

Notel: SET_ADDRESS request is supported only by auto-answer .
Note2: SET_DESCRIPTOR and SYNCH_FRAME are controlled only by software .

Note3: Vendor Request and Class Request (Printer Class and so on) are controlled only by software.
Note4d: INT_SETUP, EPO, STAS and STASN interrupts assert only when it is software-control.
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3.16.3.21 COMMAND Register

This register sets COMMAND at each endpoint. This register can be set to select of
endpoint in bit6 to bit4 and kind of COMMAND in bit3 to bitO0.

COMMAND for endpoint that is supported is ignored.

COMMAND | bit Symbol

(07D0H) | Read/Write

7 6 5 4 3 2 1 0
EP[2] EP[1] EP[0] Command[3] | Command[2] | Command[1] | Command[0]
w w w w w w w
Reset State 0 0 0 0 0 0 0

Note: When writing to this register, a recovery time of 5clocks at 12MHz is needed. After writing this register, insert

dummy instruction of 420 ns or longer.

EP [2:0] (Bit6 to bit4)
000: Select endpoint 0
001: Select endpoint 1
010: Select endpoint 2
011: Select endpoint 3

COMMAND [3:0] (Bit3 to bit0)

0000: Reserved
0001: Reserved
0010: SET_DATAO

0011: RESET

0100: STALL

0101: INVALID

0110: CREATE_SOF

0111: FIFO_DISABLE

This COMMAND clear toggle sequence bit of corresponding endpoint (EPO to EP3).

If this COMMAND is input, it sets toggle sequence bit of the corresponding endpoint to
“0". Data toggle for transfer is renewed automatically by UDC. However, this
COMMAND execution is required if setting toggle sequence bit of endpoint to “0”.If
control transfer type and Isochronous transfer type, execution of this COMMAND is not
required because of hardware control.

This COMMAND resets the corresponding endpoint (EPO to EP3).

If this COMMAND is input, the corresponding endpoint is initialized. CLEAR_FEATURE
request stalls endpoint. When this stall is cleared, execute this COMMAND. (This
command does not affect transfer mode.)

This command initializes the following.

- Clear toggle sequence bit of corresponding endpoint.
- Clear STALL of corresponding endpoint.

+ Set to FIFO_ENABLE condition.

- Clear the data in FIFO

This COMMAND sets corresponding endpoint to STALL (EPO to EP3).

If STALL handshake must be return as answer for device request, execute this
command.

This COMMAND sets condition to prohibition of use corresponding endpoint (EP1 to
EP3).

If UDC detects USB_RESET signal from USB host, it sets all endpoints (except
endpoint 0) to prohibition using it automatically. If Config and Interface are changed by
device request, set endpoint that is not used to prohibit use.

This COMMAND sets quasi-SOF generation function to enable (EPO).
Default is set to disable, it must be used for Isochronous transfer.

This COMMAND sets FIFO of corresponding endpoint to disable (EP1 to EP3).

If this command is set from external, all of transfers except for toggle error for
corresponding endpoint return NAK. When it is set externally while receiving packet,
this becomes valid from next token. This command does not affect the packet that is
transferring.
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1000: FIFO_ENABLE

1001: INIT_DESCRIPTOR

1010: FIFO_CLEAR

1011: STAL_CLEAR

This COMMAND sets FIFO of corresponding endpoint to enable (EP1 to EP3).

If FIFO is set to disable by FIFO_DISABLE COMMAND, this command is used for
release of disable condition. If set while receiving packet, this becomes valid from next
token. If USB_RESET is detected from host and RESET COMMAND execute and
transfer mode is set by using SET_CONFIG and SET_INTERFACE request, the
corresponding endpoint enters FIFO_ENABLE condition.

This COMMAND is used if descriptor RAM is rewritten during system operation (EPO).

If UDC detects USB_RESET from host controller, it reads content of descriptor RAM
automatically, and it performs relevant settings.

If descriptor RAM is changed during system operation, it must read setting again.
Therefore, execute this command. When connected to USB host, this function starts
reading automatically. Therefore, in this case, it is not necessary to execute this
command.

This COMMAND initializes FIFO of corresponding endpoint (EP1 to EP3).
However, EPXx_STATUS<TOGGLE> is not initialized.

If resetting by software, execute this COMMAND.

This command Initializes the following item.

+ Clear STALL of relevant endpoint.

+ Set to FIFO_ENABLE condition.

- Clear the data in FIFO

This COMMAND clear STALL of corresponding endpoint (EP1 to EP3).
If clearing only STALL of endpoint, execute this COMMAND.
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INT_Control
(07D6H)

USB STATE
(07CEH)

3.16.3.22 INT_Control Register

INT_STASN interrupt is disabled and enabled by the value that is written to this
register.

This is initialized to disable by external reset. When setup packet is received, it
becomes disabled.

7 6 5 4 3 2 1 0
bit Symbol Status_nak
Read/Write R/W
Reset State 0

In control read transfer, if the host terminates a dataphase with small data length
(smaller than the data length that is specified by the host as wLength), the device side
and stage management cannot be synchronized. Therefore, INT_STASN interrupt
signals this shift to status stage. If needed, set to “1” after receiving setup packet.

STATUS_NAK (Bit0)

0: INT_STATSN interrupt disable
1: INT_STATSN interrupt enable

3.16.3.23 USB STATE Register

This register shows the current device state for connection with USB host.

7 6 5 4 3 2 1 0
bit Symbol Configured | Addressed Default
Read/Write R/W R R
Reset State 0 0 1

Note: When writing to this register, a recovery time of 5clocks at 12MHz is needed. After writing this register, insert

dummy instruction of 420 ns or longer.

Inside the UDC, the answer for each Device Request is managed by referring to
these bits (Configured, Addressed and Default). If transaction for SET_CONFIG
request 1s executed by using software, write the present state to this register. If host
appointconfig is 0, this becomes Unconfigured, and it is necessary to return to
Addressed state. Therefore, if host appoint config is 0, write “0” to bit2.

When Configured bit (Bit2) is written “0”, Addressed bit (bit 1) is set automatically
by hardware. When host appoint config value that supported by device, device must
execute mode setting for each endpoint by using the value that is appointed by
endpoint-descriptor in the config-descriptor. After finish mode setting, set Configured
bit (Bit2) to “1” before accessing EOP register. When this bit is set to “1”, Addressed bit
(Bit1) is set to “0” automatically.

Bit2 to bit0
000: Default
010: Addressed
100: Configured
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3.16.3.24 EPx_MODE Register (x: 1 to 3)
This register sets transfer mode of endpoint (EP1 to EP3).

If SET_CONFIG and SET _INTERFACE processing is set to software control, this
control must use appointed config or interface. Access this register to set mode.

7 6 5 4 3 2 1 0
EP1_MODE | bit Symbol Payload[2] | Payload[1] | Payload[0] Mode[1] Mode[0] Direction
(0789H) Read/Write R/W R/W R/W R/W R/W R/W
Reset State 0 0 0 0 0 0
7 6 5 4 3 2 1 0
EP2_MODE | bit Symbol Payload[2] | Payload[1] | Payload[0] Mode[1] Mode[0] Direction
(078AH) Read/Write RIW RW RIW RIW RIW RIW
Reset State 0 0 0 0 0 0
7 6 5 4 3 2 1 0
EP3_MODE | bit Symbol Payload[2] [ Payload[1] | Payload[0] Mode[1] Mode[0] Direction
(078BH) Read/Write R/W R/W R/IW RIW R/W R/W
Reset State 0 0 0 0 0 0

There is a limitation to the timing that can be written.

If transaction for SET_CONFIG and SET_INTERFACE processing is set to software
control, after INT_SETUP interrupt is received, finish writing before accessing EOP
register. This register prohibits writing when it is other timing, and it is ignored.

Notel: When writing to this register, a recovery time of 5clocks at 12MHz is needed. After writing this register, insert
dummy instruction of 420 ns or longer.

Note2: When writing to this register, endpoint is initialized same as RESET of COMMAND register.

DIRECTION (Bit0)
0: OUT Direction from host to device
1:IN Direction from device to host

MODE [1:0] (Bit2 and bit1)

00: Control transfer type

01: Isochronous transfer type

10: Bulk transfer type or interrupt transfer type
11: Interrupt (No toggle)

PAYLOAD [2:0] (Bit3, bit4 and bit5)

000: 8 bytes
001: 16 bytes
010: 32 bytes
011: 64 bytes
0100:128 bytes
0101:256 bytes
0110:512 bytes
0111:1023 bytes (Notel, 2)

Notel:Max packet size of Isochronous transfer type is 1023 bytes.
Note2:If wMaxPacketSize of descriptor has been set to other than 8, 16, ..., 1023, Payload more than descriptor

value is set by auto-answer of Set_Configration and Set_Interface.

Others (Bit6 and bit7) Reserved
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3.16.3.25 EPx_SINGLE Register

This register sets mode of FIFO in each endpoint (SINGLE/DUAL).

7 6 5 3 2 0
EPx_SINGLE1] bit Symbol EP3_SELECT|EP2_SELECT [EP1 SELECT EP3_SINGLE | EP2_SINGLE | EP1_SINGLE
(07D1H) Read/Write R/W R/W R/W R/W R/W
Reset State 0 0 0 0 0
Note: Endpoint 3 support only SINGLE mode in the TMP92CF30.
Bit number
0: No use
1: EP1_SINGLE
2: EP2_SINGLE
3: EP3_SINGLE
4: No use
5: EP1_SELECT
6: EP2_SELECT
7: EP3_SELECT
When EPx_SELECT bit is “1", EPx_SINGLE bit becomes valid in the following content.
0: DUAL mode  1: SINGLE mode
If setting content of EPx_SINGLE bit to valid, set EPx_SELECT bit to “1”.
0: Invalid 1: Valid
3.16.3.26 EPx_BCS Register
This register sets mode of access to FIFO in each endpoint.
7 6 5 3 2 0
EPx_BCS1 bit Symbol EP3 SELECT |EP2_SELECT [EP1_SELECT EP3 BCS EP2 BCS EP1 BCS
(07D3H) Read/Write R/IW R/IW R/IW R/IW R/IW RIW
Reset State 0 0 0 0 0
Bit number
0: No use
1: EP1_BCS
2: EP2_BCS
3: EP3_BCS
4: No use
5: EP1_SELECT
6: EP2_SELECT
7: EP3_SELECT
Always write “1” to EPx_BCS bit regardless of whether endpoint is used or not.
0: Reserved 1: CPU access
If setting content of EPx_BCS bit to valid, set EPx_SELECT bit to “1”".
0: Invalid 1: Valid
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3.16.3.27 USBREADY Register
This register informs finishing writing data to descriptor RAM on UDC.
After assigned data to descriptor RAM, write “0” to bitO.

7 6 5 4 3 2 1 0
USBREADY]/ bit Symbol USBREADY
(07E6H) | Read/Write RIW
Reset State 0
USBREADY (Bit0)

0: Writing to descriptor RAM has finished.
1: Writing to descriptor RAM is enabled.
(However, writing to descriptor RAM is prohibited when connected to host.)

USB host TMP92CF30

VCC

GND VSS

CPU

«— PortXX
R1=15kQ Iil

oLt D+
15 kQ R2 UDC
l o | D-
15 kQ R3

VDD I
INTXX | |
PortXX I_
(Pull-up on/off)
Write signal ||||||||||”|||||||||| LI

>

Descriptor RAM access USBREADY registera access
Device ID RAM
Register in USB

Detect level of VDD signal from USB cable, and execute initialize sequence. In this
case, UDC disable detecting USB_RESET signal until USBREADY register is written
“0” after release of USB_RESET.

If the pull-up resistor on D+ signal is controlled by control signal, when pull-up
resistor is connected to host in OFF condition, this condition is equivalent condition
with USB_RESET signal by pull-down resistor on the host side. Therefore UDC is not
detected in USB_RESET until “0” is written to USBREADY register

Notel: External pull-up resistor and control switch are needed with the TMP92CF30.
Note2: The above setting is an example for when communication. A specific circuit is required to prevent cullent flow

at connector detection , no-use, and no connection.

92CF30-380 2009-06-12




TOSHIBA

TMP92CF30

Set Descriptor

STALL
(07E8H)

Descriptor RAM
(0500H)
l

(067FH)

3.16.3.28 Set Descriptor STALL Register

stage for Set Descriptor Request.

This register sets whether returns STALL automatically in data stage or status

7 6 5 4 3 2 1 0
bit Symbol S D STALL
Read/Write w
Reset State 0

Bit0: S_D_STALL

0: Software control (Default)

1: Automatically STALL

3.16.3.29 Descriptor RAM Register

This register is used for store descriptor to RAM. The size of the descriptor is 384

bytes. However, when storing descriptor, write according to descriptor RAM structure

sample.
7 6 5 4 3 2 1 0
bit Symbol D7 D6 D5 D4 D3 D2 D1 DO
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reset State Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined

processing of SET_DESCRIPTOR request.

register.

Read/Write timing is only possible before detection of USB_RESET or during

SET_DESCRIPTOR request processes from INT_SETUP assert until access of EOP

If there is rewriting request of descriptor in SET_DESCRIPTOR, process the
request in the following sequence.

1) Read every packet of the descriptor that is transferred by SET_DESCRIPTOR
requests every packet.

2) When reading descriptor number of last packet finished, write all descriptors
to RAM for descriptor.

3) When writing is completed, execute INIT_DESCRIPTOR of COMMAND
register.

4) When all the process is completed, access EOP register, and finish status

stage.

5) When INT _STAS is received, it shows normal finish of status stage.

If USB_RESET is detected, it starts reading automatically. Therefore, when it

connect to the host, executing INIT_DESCRIPTOR command is not necessary.
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3.16.4

Descriptor RAM

This area stores the descriptor that is defined in USB. Device, Config, Interface,

Endpoint and String descriptor must set to RAM using the following format.

Device descriptor
18 bytes

Config 1 descriptor
(Interfaces, endpoints)

255 bytes or less

Config 2 descriptor
(Interfaces, ENDPOINT)
255 bytes or less

String0 length 1 byte
Stringl length 1 byte
String2 length 1 byte
String3 length 1 byte

String0 descriptor
63 bytes or less

Stringl descriptor
63 bytes or less

String2 descriptor
63 bytes or less

String3 descriptor

63 bytes or less

Note 1:If String Descriptor is supported, set StringxLength area to size0. No support String Dedcriptor is returned
STALL.

Note 2: Config Descriptior refers to descriptor sample.

Note 3: Sequencer in UDC determines Config number, Interface number and Endpoint number. Therefore, if
supporting Endpoint number is small, assign address according to priority.

Note 4: This function become effective only in case of store descriptor as RAM.

Note 5: RAM size is total 384 bytes.

Note 6: Possible timing in RD/WR of descriptor RAM is only before detection of USB_RESET and processing of
SET_DESCRIPTOR request. (Prohibit access other than this timing.)
Writing must finish before connection to USB host and processing of SET_DESCRIPTOR request.
SET_DESCRIPTOR request processes from INT_SETUP assert until access of EOP register.

Note 7:The class descriptor and the vender descriptors, etc except a standard descriptor cannot be supported by an

auto bus enumeration.
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Descriptor RAM setting example:
Address | Data Description Description
Device Descriptor
500H 12H bLength
501H 01H bDescriptorType Device Descriptor
502H O00H bcdUSB (L) USB Spec 1.00
503H 01H bcdUSB (H) IFC’s specify own
504H O00H bDeviceClass
505H O00H bDeviceSubClass
506H O00H bDeviceProtocol
507H 08H bMaxPacketSize0
508H 6CH bVendor (L) Toshiba
509H 04H bVendor (H)
50AH 01H IdProduct (L)
50BH 10H IdProduct (H)
50CH 00H bcdDevice (L) Release 1.00
50DH 01H bcdDevice (H)
50EH O00H bManufacture
50FH O00H IProduct
510H 00H bSerialNumber
511H 01H bNumConfiguration
Configl Descriptor
512H 09H BLength
513H 02H bDescriptorType Config Descriptor
514H 4EH wtotalLength (L) 78 bytes
515H 00H wtotalLength (H)
516H 01H bNuminterfaces
517H 01H bConfigurationValue
518H 00H iConfiguration
519H AOH bmaAttributes Bus-powered-remote wakeup
51AH 31H MaxPower 98 mA
Interface0 Descriptor AlternateSetting0
51BH 09H bLength
51CH 04H bDescriptorType Interface Descriptor
51DH 00H binterfaceNumber
51EH 00H bAlternateSetting AlternateSetting0
51FH 01H bNumEndpoint
520H 07H binterfaceClass
521H 01H binterfaceSubClass
522H 01H binterfaceProtocol
523H 00H ilnterface
Endpointl Descriptor
524H 07H bLength
525H 05H bDescriptorType Endpoint Descriptor
526H 01H bEndpointAddress ouT
527H 02H bmAttributes BULK
528H 40H wMaxPacketSize (L) 64 bytes
529H O00H wMaxPacketSize (H)
52AH O0H binterval
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Address| Data Description Description
InterfaceO Descriptor AlternateSettingl

52BH 09H bLength
52CH 04H bDescriptorType Interface Descriptor
52DH 00H binterfaceNumber
52EH 01H bAlternateSetting AlternateSettingl
52FH 02H bNumEndpoints
530H 07H binterfaceClass
531H 01H binterfaceSubClass
532H 02H binterfaceProtocol
533H O0H ilnterface
Endointl Descriptor
534H 07H bLength
535H 05H bDescriptorType Endpoint Descriptor
536H 01H bEndpointAddress ouT
537H 02H bmAttributes BULK
538H 40H wMaxPacketSize (L) 64 bytes
539H 00H wMaxPacketSize (H)
53AH O00H binterval
Endpoint2 Descriptor
53BH 07H bLength
53CH 05H bDescriptorType Endpoint Descriptor
53DH 82H bEndpointAddress IN
53EH 02H bmaAttributes BULK
53FH 40H wMaxPacketSize (L) 64 bytes
540H 00H wMaxPacketSize (H)
541H O0H binterval
Interface0 Descriptor AlternateSetting2
542H 09H bLength
543H 04H bDescriptorType Interface Descriptor
544H O00H binterfaceNumber
545H 02H bAlternateSetting AlternateSetting2
546H 03H bNumEndpoints
547H FFH binterfaceClass
548H O00H binterfaceSubClass
549H FFH binterfaceProtocol
54AH 00H ilnterface
Endpointl Descriptor
54BH 07H bLength
54CH 05H bDescriptorType Endpoint Descriptor
54DH 01H bEndpointAddress ouT
54EH 02H bmaAttributes BULK
54FH 40H wMaxPacketSize (L) 64 bytes
550H 0OH wMaxPacketSize (H)
551H O00H binterval
Endpoint2 Descriptor
552H 07H bLength
553H 05H bDescriptorType Endpoint Descriptor
554H 82H bEndpointAddress IN
555H 02H bmAttributes BULK
556H 40H wMaxPacketSize (L) 64 bytes
557H 0OH wMaxPacketSize (H)
558H 00H binterval
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Address| DATA Description Description
Endpoint3 Descriptor

559H 07H bLength
55AH 05H bDescriptorType Endpoint Descriptor
55BH 83H bEndpointAddress IN
55CH 03H bmAttributes Interrupt
55DH 08H wMaxPacketSize (L) 8 bytes
55EH O00H wMaxPacketSize (H)
55FH 01H binterval 1ms
String Descriptor Length Setup Area
560H 04H bLength Length of String DescriptorO
561H 10H bLength Length of String Descriptorl
562H 00H bLength Length of String Descriptor2
563H 00H bLength Length of String Descriptor3
String DescriptorO
564H 04H bLength
565H 03H bDescriptorType String Descriptor
566H 09H bString Language ID 0x0409
567H 04H bString
String Descriptorl
568H 10H bLength
569H 03H bDescriptorType String Descriptor
56AH O00H bString (Toshiba)
56BH 54H bString T
56CH 00H bString
56DH 6FH bString 0
56EH O0H bString
56FH 73H bString S
570H O00H bString
571H 68H bString h
572H O00H bString
573H 69H bString i
574H 00H bString
575H 62H bString b
576H 00H bString
577H 61H bString a
String Descriptor2
String Descriptor3
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3.16.5 Device Request

3.16.5.1 Standard request

UDC support automatically answer in standard request.
(1) GET_STATUS Request

This request automatically returns to status that is determined by receive side.

bmRequestType bRequest wValue windex wLength Data
10000000B GET_STATUS 0 0 2 Device, interface or
10000001B Interface endpoint status
10000010B endpoint

Request to device returns according to priority of little endian as follows.

D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 Remote Self
wakeup power
D15 D14 D13 D12 D11 D10 D9 D8
0 0 0 0 0 0 0 0

e Remote wakeup Reinstates current remote wakeup setting.

e Self power

This bit is set or reset by SET_FEATURE or CLEAR_FEATURE

request. Default is “0”.

Config descriptor.

Request to interface returns O00H of 2 bytes.

Reinstates current power supply setting. This bit return Self or
Bus Power according to value that is set to bmAttributes field in

Request to endpoint returns according to priority of little endian as follows.

D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 0 HALT
D15 D14 D13 D12 D11 D10 D9 D8
0 0 0 0 0 0 0 0
e HALT Returns to halt status of selected endpoint.
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(2) CLEAR_FEATURE request
This request clears or disables the relevant function.
bmRequestType bRequest wValue windex wLength Data
00000000B CLEAR_ Feature 0 0 None
00000001B FEATURE selector Interface
000000108 endpoint
e Reception side device
Feature selector: 1 Present remote wakeup setting is disabled.
Feature selector: except 1 STALL state
e Reception side interface
STALL state
¢ Reception side end point
Feature selector: 0 Halt of relevant endpoint is cleared.
Note: When cleared HALT state, following is set.
-Initialize FIFO
-Clear the toggle sequence bit
-Clear STALL state
Feature selector: except 0  STALL state
Note: Stalls if request is to non-existent endpoint.
(3) SET_FEATURE request
This request sets or enables the relevant function.
bmRequestType bRequest wValue windex wLength Data
00000000B SET_ Feature 0 0 None
00000001B FEATURE selector Interface
000000108 endpoint
¢ Reception side device
Feature selector: 1 Present remote wakeup setting is disabled.
Feature selector: except 1 STALL state
¢ Reception side interface
STALL state
e Reception side end point
Feature selector: 0 Halt of relevant endpoint
Feature selector: except 0 STALL state
Note: Stalls if request is to non-existent endpoint.
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(4) SET_ADDRESS request

This request sets the device address. Answer subsequent requests using this

device address.

Answer requests using the current device address until the status stage of this

request is terminated normally.

bmRequestType bRequest wValue windex wLength Data
00000000B SET_ADDRESS | Device Address 0 0 None
(5) GET_DESCRIPTOR request
This request returns appointed descriptor.
bmRequestType bRequest wValue windex wLength Data
10000000B GET_ Descriptor type 0 Descriptor Descriptor
DESCRIPTOR and Descriptor or length
index Lan
guage ID
e Device Device transmits device descriptor that is stored in descriptor RAM.
e Config Config transmits config descriptor that is stored in descriptor RAM.
At this point, it transmits not only config descriptor but also
interface and endpoint descriptor.
e String String transmits string descriptor of index that is specified by lower

byte of wValue field.

Note: Decriptor of short data length in wLength and descriptor length is automatically transmitted by answer of

Get_Descriptor.
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(6) SET_DESCRIPTOR request

This request sets or enables the relevant function.

bmRequestType bRequest wValue windex wLength Data
00000000B SET_ Descriptor type 0 Descriptor Descriptor
Descriptor and or length
Descriptor index Language ID

Automatic answer of this request is not supported.

According to INT_SETUP interrupt, if the receiving requested has been
identified as a SET_DESCRIPTOR request, take back data after confirming
EPO_DSET_A bit of DATASET register is “1”. When completed, access EOP
register, and write “0” to EPO_EOPB bit, so, status stage is finished. The process is
the same for a vendor request.

Please refer to vendor request section.

(7) GET_CONFIGURATION request

This request returns configuration value of present device.

bmRequestType bRequest wValue windex wLength Data
10000000B GET_ 0 0 1 Configuration
CONFIG value

If it is not configured, it returns “0”. Otherwise, it returns the configuration
value.

(8) SET_CONFIGURATION request

This request sets device configuration.

bmRequestType bRequest wValue windex wLength Data
00000000B SET_ Configuration 0 0 None
CONFIG value

The configuration value is that specified using lower byte of wValue field.

When this value is “0”, it is not configured.
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(99 GET_INTERFACE request

This request returns AlternateSetting value that is set by specified interface.

bmRequestType bRequest wValue windex wLength Data
10000001B GET_ 0 Interface 1 Alternate
INTERFACE setting

If there is no specified interface, it enters to STALL state.

(10) SET_INTERFACE request

This request selects AlternateSetting in specified interface.

bmRequestType bRequest wValue windex wLength Data
00000001B SET_ Alternate Interface 0 None
INTERFACE setting

If there is no specified interface, it enters STALL state.

(11) SYNCH_FRAME request

This request transmits synchronous frame of endpoint.

bmRequestType bRequest wValue windex wLength Data
10000010B SYNCH_FRAME 0 Endpoint 2 Frame No.

Automatic answer of this request is not supported.

According to INT_SETUP interrupt, if request received has been identified as a
SYNCH_FRAME request, write 2byte data in Frame No after confirming
EPO_DSET_A bit of DATASET register is “0”. When completed, access EOP
register, and write “0” to EPO_EOPB bit, so, status stage is completed. This can be
used only where the endpoint supports isochronous transfer type and supports
this request. The process is the same for a vendor request.

Please refer to vendor request section.
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3.16.5.2 Printer Class Request

UDC does not support “Automatic answer” of printer class request.

Processing of Class requests is the same as for vendor requests when answering
INT_SETUP interrupt.

3.16.5.3 Vendor request (Class request)

UDC does not support “Automatic answer” of Vendor requests.

According to INT_SETUP interrupt, access the register in which the device request
is stored, and identify the request. If this request is a Vendor request, control the UDC
externally, and process the Vendor request.

Below is an explanation for the case where data phase is transmitting (Control read),
and for the case where data phase is receiving (Control write).

(a) Control Read request
bmRequestType bRequest wValue windex wLength Data
110000xxB Vendor specific | Vendor specific | Vendor specific | Vendor specific Vendor data
(Expire 0)

When INT_SETUP is received, identify contents of request by bmRequestType,
bRequest, wValue, windex and wLength registers and process each request.
According to application, access Setup_Received register after request has been
identified. UDC must also be informed that INT_SETUP interrupt has been
recognized.

After transmitting data prepared in application, access DATASET register, and
confirm EPO_DSET_A bit is “0”. After confirming, write data FIFO of endpoint 0.
If transmitting data is more than payload, write data after it confirming whether
EPO_DSET A bit in DATASET register is “0”. (INT_ENDPOINTO interrupt can be
used.) If writing all data is finished, write “0” to EPO bit of EOP register. When
UDC receives this, the status stage finish automatically.

INT_STATUS interrupt is asserted when UDC finishes status stage normally. If
finishing status stage normally is recognized by external application, manage this
stage by using this interrupt signal. If status stage cannot be finished normally
and during status stage, a new SETUP token maybe received. In this case, when
INT_SETUP interrupt signal is asserted, “1” is set to STAGE_ERROR bit of
EPO_STATUS register Informing externally that the status stage cannot be
finished normally.

The dataphase may have finished on a data number that is shorter than the
value showed to wLength by protocol of control read transfer type in USB. If the
application program is configured using only the wLength value, processing
cannot be carried out when the host shifts status stage without arriving at the
expected data number. At this point, shifting to status stage can be confirmed by
using INT STATUSNAK interrupt signal. (However, releasing mask of
STATUS_NAK bit by using interrupt control register is needed.) In Vendor
Request, this problem will not occur because the receiving buffer size is set to host
controller by driver (In every host, data (data that is transmitted from device by
payload of 8 bytes) may be taken to be short packet until confirmation of payload
size on device side. Therefore, exercise care if controlling standard requests by
software.)
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(b) Control write/request
There is no dataphase
bmRequestType bRequest wValue windex wLength Data
010000xxB Vendor specific | Vendor specific | Vendor specific 0 None

When INT_SETUP is received, identify contents of request by bmRequestType,
bRequest, wValue, wlndex, wLength registers and process each request.
According to application, access Setup_Received register after request has been
identified. UDC must also be informed that the INT_SETUP interrupt has been
recognized. If application processing is finished, write “0” to EPO bit of EOP
register. When UDC receives this, the status stage finish automatically.

There is dataphase

bmRequestType bRequest wValue windex wLength Data
010000xxB Vendor specific | Vendor specific | Vendor specific | Vendor specific Vendor data
(Except for 0)

When INT SETUP is received, identify contents of device request by
bmRequestType, bRequest, wValue, windex, wLength registers and process each
request. According to application, access Setup_Received register after request
has been identified. UDC must also be informed that the INT_SETUP interrupt
has been recognized.

After receiving data prepared in application, access DATASET register, and
confirm EPO_DSET is “1”. After confirming, read data FIFO of endpoint 0. If
receiving data is more than payload, write data after it confirming whether the
EPO_DSET A bit in DATASET register is “1”. (INT_ENDPOINTO interrupt can be
used.) If reading all data is finished, write “0” to EPO bit of EOP register. When
UDC receives this, the status stage finishes automatically.

INT_STATUS interrupt is asserted when UDC finishes status stage normally. If
finishing status stage normally is recognized by external application, manage this
stage by using this interrupt signal. If status stage cannot be finished normally
and during status stage, a new SETUP token may be received. In this case, when
INT_SETUP interrupt signal is asserted, “1” is set to STAGE_ERROR bit of
EPO_STATUS register informing externally that the status stage cannot be
finished normally.
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Below is control flow in UDC as seen from application.

Setting each EP mode
in Set_Config (Interface)

Standard request
Printerclass request

Identify request RD
Access to SetupReceived register

Control RD transf‘i/ \ Control WR transfer
Get_Vendor_Request Set_Vendor_Request
) process ) process

EPO bit=1 / EPO bit=0

EPO bit =0 O oo

) EPO bit = i
Ti t Receive .
DE{JAE\EkET TotaI_Ler:gtnrﬂ:nalllculation D EP Ae\ngT Total_Length calculation
register

register

— / \

Total < payload Total =0

Total > payload

Total < payload Total > payload

WR number of payload ||WR number of rest data
to EPO_FIFO register to EPO_FIFO

RD number of payload RD number of rest data Not
Total = Total — payload Total =0

from EPO_FIFO register | [from EPO_FIFO
Total = Total — payload Total =0

Receive \
except

INT_STATUS

processed

Total=0

Abnormal R “0” only EPO bitO of

no EOP register
finish \ Status finish —
/ process in UDC
% Receive
INT_STAS

Figure 3.16.2 Control Flow in UDC as seen from Application

Note : This chart does not cover special cases in this flow such as overlap receive SETUP packet.
Please refer to 3.17.6 (2) (c) Control transfer type.

92CF30-393 2009-06-12



TOSHIBA

TMP92CF30

3.16.6

Transfer mode and Protocol Transaction

The UDC performs the following automatically in hardware;

Receive packet

Determine address endpoint transfer mode

Error process

Confirm toggle bit CRC of data receiving packet
Generate toggle bit CRC of data transmitting packet, etc

Handshake answer

(1) Protocol outline

Format of USB packet is shown below. This is processed during transmission and
receiving by hardware into the UDC.

SYNC field

This field always comes first in each packet, and input data and internal CLK is
synchronized in the UDC.

Packet identification field (PID)

This field follows SYNC field in every USB packet. The UDC distinguishes the PID
type and determines the transfer type by decoding this code.

Address field

The UDC uses this field to confirm whether or not this function was specified by the
host. The UDC compares the address with that set to the ADDRESS register. If the
address accords with it, the UDC continues the process. If the address does not accord,
the UDC ignores this token.

Endpoint field

If sub-channels of more than two is needed in fields of 4 bits, it decides the function.
The UDC can support a maximum of seven endpoints, excluding the control endpoint.
Tokens for endpoints that are not permitted are ignored.
Frame number field

A field of 11 bits is added by the host at each frame. This field follows the SOF token
that is transmitted first in each frame, and the frame number is specified. The UDC
reads the content of this field when the SOF token is received, and sets the frame
number to the FRAME register.
Data field

This field is data of unit bytes in 0 to 1023. When receiving it, the UDC transfers
only part of this data to FIFO, and after CRC is confirmed, an interrupt signal is
asserted and the UDC informs FIFO that data transfer is completed. When
transmitting, following IN token, FIFO data is transferred. Finally, data CRC field is
attached.

CRC function

5 bits CRC is attached to the token, andl5 bits CRC to the data. The UDC
automatically compares the CRC of the received data with the attached CRC. When
transmitting, CRC is generated automatically and is transmitted. This function may be
compared by various transfer modes.
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(2) Transfer mode
UDC supports FULL speed transfer mode.
e FULL speed device

Control transfer type
Interrupt transfer type
Bulk transfer type
Isochronous transfer type

The following is an explanation of UDC operation in each transfer mode.

The explanation is of data flow up until FIFO.

(a) Bulk transfer type

Bulk transfer type warrants transferring no error between host and function by
using detect error and retry. Basically, 3 phases are used - token, data and handshake.
However, with flow control and a STALL condition, data phase is changed to hand
shake phase, and it become to 2 phases. The UDC holds status of each endpoint, and
flow control is controlled in hardware. Each endpoint condition can be confirmed
using EPx_STATUS register.
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(a-1) Transmission bulk mode
Below is the transaction format for bulk transfer during transmitting.
e Token: IN
e Data: DATAO/DATA1, NAK, STALL
e Handshake: ACK

Control flow

Below is the control-flow when the UDC receive an IN token.

1. The token packet is received and the address endpoint number error is
confirmed, and it checks whether the relevant endpoint transfer mode

corresponds with the IN token. If it does not correspond, the state returns to
IDLE.

2. Condition of EPx_STATUS register is confirmed.

e INVALID condition: State returns to IDLE.
. STALL condition: Stall handshake is returned and state returns to IDLE.

FIFO condition is confirmed, if data number of 1 packet is not prepared, NAK
handshake is returned, and state returns to IDLE.

If data number of 1 packet is prepared to FIFO, it shifts to 3.
3. Data packet is generated.
Data packet generated by using toggle bit register in UDC.

Next, data is transferred from FIFO of internal UDC to SIE, and data packet is
generated. At this point, the confirms transferred data number is confirmed.
And if there is more than the maximum payload size of each endpoint, bit stuff
error is generated, transfer is finished and STATUS becomes STALL.

4. CRC bit (counted transfer data of FIFO from first to last) is attached to last.
5. When ACK handshake from host is received,

e (lear FIFO.

e Clear DATASET register.

¢ Renew toggle bit, and prepare for next.

e Set STATUS to READY.

UDC finishes normally. FIFO can receive the next data.
If a time out occurs without receiving ACK from host,
e Set STATUS to TX_ERR.
e Return FIFO address pointer.
Execute above setting. And wait next retry keeping FIFO data.
This flow is shown in Figure 3.16.3.
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Figure 3.16.3 Control Flow in UDC (Bulk transfer type (transmission)/Interrupt transfer type (transmission))
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(a-2) Receiving bulk mode

Below is the transaction format for receiving bulk transfer type.
Token: OUT
Data: DATAO/DATA1
Handshake: ACK, NAK, STALL

Control flow
Below is the control-flow when the UDC receive an IN token.

1. The token packet is received and the address endpoint number error is
confirmed, and it checks whether the relevant endpoint transfer mode
corresponds with the OUT token. If it does not correspond, the state returns to
IDLE.

2. Condition of status register is confirmed.
e INVALID condition: State returns to IDLE.

e STALL condition: When dataphase finishes, stall handshake is returned,
the state returns to IDLE, and data is canceled.

FIFO condition is confirmed, if data number of 1 packet is not prepared, present

transferred data is canceled, NAK handshake is returned after dataphase, and

the state returns to IDLE.

3. Data packet is received.

Data is transferred from SIE of internal UDC to FIFO. At this point, it
confirms transferred data number and if there is more than the maximum
payload size of each endpoint, STATUS becomes to STALL and the state
returns to IDLE. ACK handshake does not return.

4. After last data is transferred, the counted CRC is compared with the transferred

CRC. If they do not correspond, STATUS is set to RX_ERR and the state
returns to IDLE. At this point ACK is not returned.
After retry, when next data is received normally, STATUS changes to DATIN.
If the data toggle does not correspond, it is judged not to have taken ACK in
the last loading the current loading is regarded as a retry of the last loading
and data is canceled. Set STATUS as RX_ERR, return to host and return to
IDLE. FIFO address pointer returns and the next data can be received.

5. If CRC is compared with toggle and it finishes normally, ACK handshake is
returned.

Below is the process in the UDC.

e Set transfer data number to DATASIZE register.
o Set DATASET register.

¢ Renew toggle bit, and prepare for next.

e Set STATUS to READY.

UDC finishes normally.
This flow is shown in Figure 3.16.4.
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Figure 3.16.4 Control Flow in UDC (Bulk transfer type (Receiving))
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(b) Interrupt transfer type

Interrupt transfer type uses the same transaction format as transmission bulk
transfer.

For transmission using toggle bit, hardware setting and answer in the UDC are the
same as for transmission bulk transfer. Interrupt transfer can be transferred without
using toggle bit. In this case, if ACK handshake from host is not received, toggle bit is
renewed, and finish is normal. The UDC clears FIFO for next transfer.

(b-1) Interrupt transmitting mode (Toggle mode)

UDC operation is same as in bulk transmission mode. Please refer to section (a).

(b-2) Interrupt transmission mode (Not toggle mode)

This is basically the same as bulk transmission mode. However, if ACK handshake
from host is not received, transaction is different.

When ACK handshake from host is received after transmission of data packet
Clear FIFO.
Clear DATASET register.

e Renew toggle bit and prepare for next.

Set STATUS to READY.

UDC finishes normally by above transaction. FIFO can receive next data.

If a time out occurs without receiving ACK from host,
Clear FIFO.
Clear DATASET register.
Renew toggle bit and prepare for next.
Set STATUS to TX_ERR.
Execute above setting. This setting is the same except for STATUS changes.
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(¢) Control transfer type
Control transfer type is configured in the three stages below.
e Setup stage
e Data stage
e Status stage

Data stage is sometimes skipped. Each stage is configured in one or several
transactions. The UDC executes each transaction while managing three stages in
hardware. Control transfer has the 3 types given below depending on whether there
is data stage or not, and on direction.

e (Control read transfer type
e Control write transfer type

e Control write transfer type (No data stage)

The 3 transfer sequences are shown in Figure 3.16.6, Figure 3.16.7 and Figure
3.16.8.

The UDC automatically answers standard requests in hardware. Class request and
vendor request must have an intervening CPU controlling the UDC.

Below is the control flow in the UDC and the control flow in the intervening CPU.

(c-1) Setup stage

Setup stage is the same as transmission bulk transaction except that token ID
becomes SETUP.

However, control flow in the UDC is different.
e Token: SETUP
e Data: DATAO
e Handshake: ACK

Control flow
Below is the control flow in the UDC when SETUP token is received.

1. SETUP token packet is received and address, endpoint number and error are
confirmed. It also checks whether the relevant endpoint is in control transfer
mode.

2. STATUS register state is confirmed.

State return to IDLE only if it is INVALID state.

In bulk transfer mode, receiving data is enabled by STATUS registers value and
FIFO condition. However, in SETUP stage, STATUS is returned to READY and
accessing from the CPU to FIFO is always prohibited and internal FIFO of
endpoint O is cleared. It also prepares for following dataphase.

If the CPU accesses Setup Received registers in the UDC, it recognizes as Device
request as received, and accessing from the CPU to EPO is enabled.

This function is for receiving a new request when the current device request has
not finished normally.
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3. Data packet is received.

Device request of 8 bytes from SIE in UDC is transferred to the request register
below.

o bmRequestType register
¢ bmRequest register

e wValue register

e wlndex register

e wLength register

4. After last data is transferred, counted CRC is compared with transferred CRC.
If they do not correspond, STATUS is set to RX_ERR and the state returns to
IDLE. At this point it does not return ACK, and host retries.

5. If CRC corresponds with toggle and it finishes normally, ACK handshake is
returned to host. The process in the UDC is shown below.

e Receiving device request is judged whether software control or hardware
control. If the request needs control in software, INT_SETUP interrupt is
asserted. If hardware is used, INT_SETUP interrupt is not asserted.

e According to stage control flow, prepare for next stage.
e Set STATUS to DATAIN.
o Set toggle bit to “1”.

The Setup stage is completed by the above.
This flow is shown in Figure 3.16.2.

8-byte data that is transferred by this SETUP stage is device request.
The CPU must process corresponding to device request.

The UDC detects the following contents only from data of 8 bytes, and it manages
stage in hardware.

e Whether there is data stage or not

e Data stage direction

These are used to determine control read transfer type, control write transfer type,
and control write transfer type (no data phase).
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Figure 3.16.5 Control Flow in UDC (Setup stage)
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(c-2) Data stage
Data stage is configured by one or several transactions based on toggle sequence.

The transaction is the same as for format transmission or receiving bulk
transaction except for the following differences;

e Toggle bit starts from “1” by SETUP stage.

e It determines whether right or not by comparing IN and OUT token with direction
bit of device request. If a token of the opposite direction is received, it is recognized
as status stage.

e INT_ENDPOINTO interrupt is asserted.
(c-3) Status stage

Status stage is configured 0-data-length packet with DATA1’s PID and handshake
IN or OUT token. It uses a transaction in the opposite direction to the preceding
stage.

The combination is given below.
o Control read transfer type: OUT
e Control write transfer type: IN
e Control write transfer type (not dataphase): IN

UDC processes status stage base of control flow in control transfer type. At this
point, CPU must write “0” to EPO bit of EOP register in last transaction for status
stage to finish normally.

Details of status stage are given below.

(c-3-1) IN status stage
IN status stage transaction format is given below.
e Token: IN
e Data: DATA1 (0 data length), NAK, STALL
e Handshake: ACK

Control flow

The transaction flow of IN status stage in UDC is given below.

1. Token packet is received and address, endpoint number and error are
confirmed. If it does not correspond, the state returns to IDLE. If status stage
is enabled based on stage control flow in the UDC, advance to next stage.

2. STATUS register state is confirmed.
e INVALID condition: State returns to IDLE.
e STALL condition: Stall handshake is returned and state returns to IDLE.

Confirmation of whether EOP register is accessed or not is carried out externally.
If it is not accessing, NAK handshake is returned to continue control transfer
and state returns to IDLE.
3. If EOP register is access is confirmed, 0-data-length data packet and CRC are
transmitted.
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4. If ACK handshake from host is received,
e Set STATU to READY.
e Assert INT_STATUS interrupt.

It finishes normally by the above transaction.
If a time out occurs without receiving ACK from host,

o Set STATUS register to TX_ERR and state returns to IDLE and wait for
restring status stage.

At this point, if new SETUP stage is started without status stage finishing
normally, the UDC sets error to STATUS register.

(c-3-2) OUT status stage
The transaction format for OUT status stage is given below.
e Token: OUT
e Data: DATA1 (0 data length)
e Handshake: ACK, NAK, STALL

Control flow

The transaction flow for OUT status stage in the UDC is given below.

1. Token packet is received and address, endpoint number and error are
confirmed. If they do not correspond, the state returns to IDLE. If status stage
is enabled base on stage control flow in the UDC, advance to next stage.

2. STATUS register state is confirmed.
e INVALID condition: State returns to IDLE.

e STALL condition: Data is cleared, stall handshake is returned, and state
returns to IDLE.

Whether EOP register is accessed or not is confirmed externally. If it is not
accessed, NAK handshake is returned to continue control transfer and state
returns to IDLE.

3. If EOP register is access is confirmed, 0-data-length data packet and CRC are
received.

4. If there is no error in data, ACK handshake is transmitted to host.
e Set STATUS to READY.
o Assert INT_STATUS interrupt.

It finishes normally by the above transaction.
If there is an error in data, ACK handshake is not returned.

o Set RX_ERR to STATUS register and return to IDLE. It waits to retry status
stage.
At this point, if new SETUP stage is started without status stage finishing
normally, the UDC sets error to STATUS register. For sequence of this protocol,
refer to section supplement.
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(c-4) Stage management
The UDC manages each stage of control transfer by hardware.

Each stage is changed by receiving token from USB host, or CPU accesses register.
Each stage in control transfer type has to process combination software. UDC detects
the following contents from 8-byte data in SETUP stage. The stage is managed by
determining control transfer type.

e  Whether there is data stage or not

e Data stage direction

Based on these it is determines to be either control read transfer type control write
transfer type, or control write transfer type (No data stage).

Various conditions for changing stage in control transfer are given below.

If receiving token for next stage from host before switching to next stage from state
of internal UDC, NAK handshake is returned and BUSY is informed to USB host. In
all control transfer types, if SETUP token is received from host current transaction is
stopped, and it switches to SETUP stage in the UDC. The CPU receives new
INT_SETUP even if it is processing previous control transfer.
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Stage change condition of control read transfer type
1. Receive SETUP token from host
e Start setup stage in UDC.

¢ Receive data in request normally and judge. And assert INT_SETUP
interrupt externally.

e Change data stage in the UDC.
2.  Receive IN token from host

e The CPU receives a request from the request register every INT_SETUP
interrupt.

e Judge request and access Setup Received register to inform the UDC that
INT_SETUP interrupt has been recognized.

e According to Device request, monitor EPO bit of DATASET register, and write
data to FTIFO.

e Ifthe UDC is set data of payload to FIFO or CPU set short packet transfer in
EOP register, EPO bit of DATASET register is set.

e The UDC transfers data that is set to FIFO to host by IN token interrupts.
e When the CPU finishes transaction, it writes “0” to EPO bit of EOP register.
¢ Change status stage in the UDC.

3. Receive OUT token from host.
¢ Return ACK to OUT token, and change state to IDLE in the UDC.
o Assert INT_STATUS interrupt externally.

These changing conditions are shown in Figure 3.16.6.

INT_SETUP |-|

INT_ ENDPOINTO [ [

INT_STATUS

REQUEST FLAG I |
DATASET register | | | |

BRD —/\_r| I-|_|_|_|

BWR

—

bmRequestType register Setup Received register
bRequest register

wValue register EPO_FIFO (WR of payload)
wlindex register

wLength register

EPO_FIFO (Rest data) EOP register

Figure 3.16.6 The Control Flow in UDC (Control Read Transfer Type)
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Stage change condition of control write transfer type
1. Receive SETUP token from host.
e Start setup stage in the UDC.

¢ Receive data in request normally and judge. And assert INT_SETUP
interrupt externally.

e Change data stage in the UDC.
2. Receive OUT token from host.

e CPU receives a request from the request register every INT_SETUP
interrupt.

e Judge request and access Setup Received register for inform the UDC that
INT_SETUP interrupt has been recognized.

e Receive dataphase data normally, and set EPO bit of DATASET register.
¢ The CPU receives data in FIFO by setting DATASET.
e The CPU processes receiving data by device request.
e When the CPU finishes transaction, it writes “0” to EPO bit of EOP register.
e Change status stage in the UDC.
3. Receive IN token from host.

¢ Return data packet of 0 data to IN token, and change state to IDLE in the
UDC.

o Assert INT_STATUS interrupt externally when ACK for O data packet is
received.

These changing conditions are shown in Figure 3.16.7.

GETUDEATAY ACK) OUTIEATAX ACK)OUTIEATAY AKX QUTEATAY(ACKY N J(NAK) (N JEATAI(ACK)

INT_SETUP |-|

INT_ ENDPOINTO M M

INT_STATUS [

REQUEST FLAG | |_
DATASET register | | | |

AU uy i LU U

BWR }J

bmRequestType register Setup Received register EPO_FIFO (Rest data) EOP register
bRequest register
wValue register EPO_FIFO (RD of payload)

wlindex register
wLength register

Figure 3.16.7 The Control Flow in UDC (Control Write Transfer Type)

In control read transfer type, transaction number of data stage does not always
correspond with the data number specified by the device request. The CPU can
therefore process using INT_STATUSNAK interrupt. However, when class and
vendor request is used, wLength value corresponds to data transfer number in
data phase. With this setting, using this interrupt is not need. Data stage data
can be confirmed by accessing DATASIZE register.
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Stage change condition of control write (no data stage) transfer type
1. Receive SETUP token from host
e Start setup stage in the UDC.

e Receive data in request normally and judge. And assert INT_SETUP
interrupt externally.

e Change data stage in the UDC.
2.  Receive IN token from host

e CPU receives a request from the request register every INT_SETUP
Iinterrupt.

e Judge request and access Setup Received register to inform the UDC that
INT_SETUP interrupt has been recognized.

e The CPU processes receiving data by device request.
e When the CPU finishes transaction, it writes “0” to EPO bit of EOP register.
¢ Change status stage in the UDC.

¢ Return data packet of 0 data to IN token, and change state to IDLE in the
UDC.

o Assert INT_STATUS interrupt externally when ACK for 0 data packet is
received.

These change condition is Figure 3.16.8.

INT_SETUP

[

INT_ ENDPOINTO

INT_STATUS

REQUEST FLAG | |

DATASET register

BRD

BWR

—

LN

bmRequestType register Setup Received register EOP register
bRequest register

wValue register

wINdex register

wLength register

Figure 3.16.8 The Control Flow in UDC (Control Write Transfer Type not Dataphase)
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(d) Isochronous transfer type

Isochronous transfer type is guaranteed transfer by data number that is limited to
each frame.

However, this transfer does not retry when an error occurs. Therefore, Isochronous
transfer type transfer only 2 phases (token, data) and it does not use handshake
phase. And data PID for data phase is always DATAO because of this transaction does
not support toggle sequence. Therefore, UDC does not confirm when data PID is in
receiving mode.

Isochronous transfer type processes data every frame. Therefore, all transaction for
completed transfer use receiving SOF token. The UDC uses FIFO that is divided into
two in Isochronous transfer type.

(d-1) Isochronous transmission mode

The transaction format for Isochronous transfer type format in transmitting is
given below.

e Token JIN
e Data : DATAO

Control flow

Isochronous transfer type is frame management. And data that is written to FIFO
in endpoint is transmitted by IN token in the next frame.

Below are two conditions in FIFO of Isochronous transmission mode transferring.

X. FIFO for storing data that transmits to host in present frame
(DATASET register bit = 1)

Y. FIFO for storing data for transmitting host in next frame
(DATASET register bit = 0)

FIFO that is divided into two (packet A and packet B) conditions is whether X
condition or Y condition. The flow below is explained as X Condition (packet A), Y
Condition (packet B) in present frame.

X and Y conditions change one after the other by receiving SOF.

Control flow in the UDC when receiving IN token is shown below.

1. Token packet is received and address endpoint number error is confirmed, and it
checks whether the relevant endpoint transfer mode corresponds with the IN
token. If it does not correspond, the state returns to IDLE.

2. Condition of status register is confirmed.

INVALID condition: State returns to IDLE.

3. Data packet is generated.

Data packet is generated. At this point, data PID is always attached to DATAO.
Next, data is transferred from FIFO (X condition) of packet A in UDC to SIE and
DATA packet is generated.

4. CRC bit (counted transfer data of FIFO from first to last) is attached to last.
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5. Below is transaction when SOF token is received from host.
e Change the packet A’s FIFO from X Condition to Y Condition and clear data.
e Change the packet B from Y Condition to X Condition.
e Set frame number to frame register.
e Assert SOF and inform externally that frame is incremented.

o DATASET register clears packet A bit and it sets packet B bit arrangement
loading in present frame.

e Set STATUS to READY.

The UDC finishes normally by above transaction.
Packet A’s FIFO can be received with next data.

In renewed frame, Packet A’s FIFO interchanges with packet B’s FIFO, and
transaction uses same flow.

If SOF token is not received by error and so on, this data is lost because frame is not
renewed. There is no problem in receiving PID if frame data is received with CRC
error, USB sets LOST to STATUS on FRAME register, and exact frame number is
unknown. However, in this case, SOF is asserted and FIFO condition is renewed. If
SOF token is received without transmit and transfer Isochronous in frame, UDC
clears FIFO (X Condition) and sets STATUS to FULL.

Note : EPx_DATASETA,B change at 3 clocks of 12MHz after receiving SOF. Write data to FIFO after

EPx_DATASETA,B are changing.

SOF

10

S

EPx_DATASET_A

|

EPx_DATASET B

EPx_DATASET

BWR
EPx_BWR

1
I

jll \\ \\II

3clocks (|12MHz
I
|

il
S

IN
DATAO ' DATAO ||

fﬂ

Figure 3.16.9 Isochronous transfer Mode
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IDLE

Receive IN token

Receive SOF Clear X condition (A)
without transmitting data Set FULL to STATUS

4 Confirm

&

Token packet
e PID NG

e Address
¢ Endpoint \
e Transfer mode
e Error

OK

(.

Confirm Status 1 Invalid
e Confirm STATUS register (status) \

i

e Confi
\

(" Generate DATA PID
e Attach DATAO

rm DATASIZE register

Transmit

—

Attach CRC

\ ReceiveSOF ]

data

Shift FIFO BANKs
every receive SOF

CRC Error OK

[ Renew frame number ] /BANK B transaction N\
e Clear transmitting FIFO BANK A in preceding frame

o Clear DATASET register's BANK A bit j
Frame number unknown o Set DATASET register's BANK B bit
Set LOST to FRAME register (Finish a write in previous frame)

e Set STATUS to READY

* Wait data for transmitting next frame (BANK A)

A\ - J

Asset SOF ] |:> /BANK A transaction I

e Clear transmitting FIFO BANK B in preceding

Not receive SOF e Clear DATASET register's BANK B bit
Not renewal frame number o Set DATASET register’s BANK A bit
Loss data (Finish a write in previous frame)

frame

Figure

e Set STATUS to READY
\- Wait data for transmitting next frame (BANK B)/

3.16.10 Control Flow in UDC (Isochronous transfer type (Transmission))
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(d-2) Isochronous receiving mode

Transaction format for Isochronous transfer type in receiving is given below.
e Token :0OUT
e Data : DATAO

Control flow

Isochronous transfer type is frame management. And data that is written to FIFO
by OUT token is received to the CPU in the next frame.

Below are two conditions in FIFO of Isochronous receiving mode transferring

X. FIFO for storing data received from host in present frame
(DATASET register bit = 0)

Y. FIFO for storing data for transmitting host in previous frame
(DATASET register bit = 1)

FIFO that is divided into two (packet A and packet B) conditions is whether X
condition or Y condition. The flow below explains X Condition (packet A) and Y
Condition (packet B) in present frame.

X and Y conditions change one after the other by receiving SOF.

Below is control flow in the UDC when receiving OUT token.

The whole transaction is processed by hardware.

1. Token packet is received and address endpoint number error is confirmed, and it

checks whether the relevant endpoint transfer mode corresponds with the
OUT token. If it does not correspond, the state returns to IDLE.

2. Condition of status register is confirmed.

INVALID condition: State return to IDLE.

3. Data packet is received.

Data is transferred from SIE into the UDC to packet A’'s FIFO (X Condition).

After last data has been transferred, and counted CRC is compared with
transferred CRC. When transfer is finished, the result is reflected to STATUS.
However, data is stored FIFO, data number that packet A is received is set to
DATASIZE register of packet A.

5. The transaction when SOF token from host is received is given below.

Change packet A’s FIFO from X Condition to Y Condition.

Change packet B from Y Condition to X Condition, and clear data. Prepare
for next transfer.

Set frame number to frame register.
Assert SOF and inform externally that frame is incremented.

DATASET register set packet A bit and clear packet B bit arrangement
loading in present frame.

If CRC comparison result agrees it, DATAIN is set to STATUS. If result does
not agree, RX_ERR is set to STATUS.

The UDC finishes normally by the above transaction.

The

CPU takes back packet A’s data.
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In renewed frame, Packet A's FIFO interchanges with packet B’s FIFO, and the
transaction uses the same flow.

If SOF token is not received by error and so on, this data is lost because the frame is
not renewed. There is no problem in receiving PID and if frame data is received with
CRC error, USB sets LOST to STATUS on FRAME register, and exact frame number
is unknown. However, in this case, SOF is asserted and FIFO condition is renewed. If
SOF token is received without transmit and transfer Isochronous in frame, UDC
clears FIFO (X Condition) and sets STATUS to FULL.

These are shown in Figure 3.16.12.

Note : EPx_DATASET changes at 2 clocks of 12MHz after receiving SOF. Read data from FIFO after
EPx_DATASET is rising.

SoF | | 1 | |

EPx_DATASET_A

EPx_DATASET B

EPx_DATASET

BRD
EPX_BRD

| | |

| | |

| | |

| | |

T T T

| | |

I | I

| | |

I | I

I | I
outl —11 4 A7 v
| | |
DATAO DATAO |, DATAO] | DATAQ]
11 | | |

2clocks (12MHz)

Figure 3.16.11 Isochronous Receiving mode
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IDLE ™\
Receive SOF

Receive OUT token without transmitting data Clear X Condition (A)
Set FULL to STATUS

4 Confirm Token packet W
e PID
e Address NG
e Endpoint \
e Transfer mode
e Error

&

OK

Vs

Confirm Status 1 Invalid
Confirming STATUS register (status) J \

&

OK

o
Confirm DATA PID 1 Error, time out exept data PID
e Error

. PID J )

e Time out
G

OK

'a N\

Receiving data Error, receiving data more than payload.
e Error

L Receive receiving data)

p
Error transaction

| Set STATUS to RX_ERR J

IDLE Shift FIFO BANK
every receive SOF
\ Receive SOF ]

OK

CRC Error

/BANK B transaction \

e Set data size received preceding frame to
DATASIZE register in BANK A

Frame number unknown o Set BANK A bit in DATASET register J
Set LOST to FRAME register e Clear BANK B bit in DATASET register

e Set STATUS to DATAIN

(But if error generates, set RX_ERR)

[ Renew frame number ]

AN

/BANK A transaction

e Set data size received preceding frame to _J
DATASIZE register in BANK B

e Set BANK B bit in DATASET register
e Clear BANK A bit in DATASET register

- ® Set STATUS to DATAIN
Not receive SOF (But if error generates, set RX_ERR)
Not renew frame number

Loss data k /

Assert SOF ]

Figure 3.16.12 Control Flow in UDC (Isochronous transfer type (Receiving))
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3.16.7 Bus Interface and Access to FIFO

(1) CPU bus interface

The UDC prepares two types of FIFO access, single packet and dual packet. In
single packet mode, FIFO capacity that is implemented by hardware is used as large
FIFO. In dual packet mode, FIFO capacity is divided into two and used as two FIFOs.
It is also used as an independent FIFO. Even if the UDC is transmitting and
receiving to USB host, it can be used as an efficient bus by possible load to FIFO.

But control transfer type receives only single packet mode.

Epx_SINGLE signal in dual packet mode must be fixed to “0”. If this signal is fixed
to “0”, FIFO register runs in single mode.

Sample: Where endpoint 1 is used to dual packet of payload 64 bytes.

EP1_FIFO size : Prepare 128 bytes
EP1_SINGLE signal : Hold O

EP1 Descriptor setting

Direction : Optional

Max payload size : 64 bytes

Transfer mode : Optional
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(a) Single packet mode

This is data sequence of single packet mode when CPU bus interface is used.
Figure 3.16.13 is receiving sequence. Figure 3.16.14 is transmitting sequence.
This chapter focuses on access to FIFO. For Data sequence with USB host refer to
chapter 5.

Endpoint 0 cannot be changed to exclusive single packet mode. Endpoints 1 to 3
can be changed between single packet and dual packet by setting Epx_SINGLE
register. Do not change packet when transferring.

Wait receiving data

CED )

Receive valid data

DATASET register
e Set bit of EPx_D SET_A
o Assert EPx_DATASET signal

DATASET =0
Interrupt by EPx_FULLA

C Check DATASET register
DATASET register

e Check bit of EPXx_DSET_A

DATASET =1

SIZE register
o Size of SIZE_A_L confirmation

® Size of SIZE_A_H confirmation

RD receiving data of size in relevant
endpoint

e Clear receiving data in FIFO
e Clear relevant bit of DATASET
register

Figure 3.16.13 Receiving Sequence in Single Packet Mode
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Below is the transmitting sequence in single packet mode.

Wait transmission event

IDLE

Transmission event

(DATASET register
a e Check bit of EPX_DSET_A

Distinction

transmitting
number

Transmitting number > payload

-

Transmitting number < payload
o Write payload number in relevant endpoint
« Total = Total — payload

e Write transmitting number in relevant endpoint
e Total=0
\

-
\_ EOP register
I transmitting number reach to payload, Write 0 to only bit of relevant endpoint
UDC sets "1" to relevant bit

of DATASET register.

UDC sets "1" to relevant bit
of DATASET register.

[ Return to IDLE

1l

When receiving In-Token from USB Host,
UDC transmits data.

—> Clear relevant bit of DATASET register

e Accessing to EOP register is needed in
transmitting short packet.

e Acessing endpointO is used for showing
closing control transfer.Therefore,always
access to endpoint 0 in closing control
transfer whether short packet or not.

Figure 3.16.14 Transmitting Sequence in Single Packet Mode
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(b) Dual packet mode

In dual packet mode, FIFO is divided into A and B packet, and is controlled
according to priority in hardware. It can be performed at once, transmitting and
receiving data to USB host and exchanges to external of UDC.

When it reads out data from FIFO for receiving, confirm condition of two
packets, and consider the order of priority. If it has received data to two packets,
the UDC outputs from first receiving data by FIFO that can be accessed are
common in two packets. EPx_SIZE register is prepared for both packet A and
packet B. First, the CPU must recognize the data number of first receiving packet
by PKT_ACTIVE bit. If PKT_ACTIVE bit has been set to 1, that packet is received
first. Packet A and packet B set data turn about always.

This 1s shown below.

Wait receiving data

O .

Receiving valid data

DATASET register
e Set bit of EPx_DSET_A (B)
o Assert EPx_DATASET signal

DATASET =0
Interrupt by EPx_FULL_A (B)

Check DATASET register
DATASET register

o Check bit of EPx_DSET_A
e Check bit of EPx_DSET_B

DATASET =1

SIZE register
e Confirm Size of SIZE_A L
e Confirm Size of SIZE_A_H
e Confirm Size of SIZE_B_L
H

B_
e Confirm Size of SIZE_B

* Read size of receiving data from relevant endpoint

e There are below 3 cases by setting bit of DATASET
Only A: Read number of sizeA register
Only B: Read number of sizeB register
Both of A and B: Read number of sizeA + B register

e Clear receiving data in FIFO
o Clear applicable bit in DATASET register

Figure 3.16.15 Receiving Sequence in Dual Packet Mode

92CF30-419 2009-06-12



TOSHIBA TMP92CF30

Data can be set to available FIFO when transmitting regardless of packet A or B.
Below is the Transmitting Sequence in Dual Packet Mode.

IDLE

Transmitting event

Wait transmitting event

DATASETregister
e Check bit of EPx_DSET_A
[ L e Check bit of EPx_DSET B

Transmittind

data distinction

Transmitting number < payload x (number of available packet)
o Write number of transmitting in relevant endpoint
e Total=0

Transmitting number > payload x (number of available packet)
o Write number of payload x (humber of available packet) in

relevant endpoint
e Total = Total — payload x (number of available packet)

K J EOP register

If transmitting number reach to payload, Write 0 to only bit of relevant
UDC sets 1 to relevant bit endpoint
of DATASET register.

UDC sets 1 to relevant bit
of DATASET register.

[ Return to IDLE

1l

When receiving In-Token from USB Host,
UDC transmits data.

—> Clear relevant bit of DATASET register
e Accessing to EOP register is needed in
transmitting short packet.

e Control transfer type is supported in
only single mode.

Figure 3.16.16 Transmitting Sequence in Dual Packet Mode
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(c) Issuance of NULL packet
If transmitting NULL packet, by input L pulse from EPx_EOPB signal, data of
0 length is set to FIFO, and NULL packet can be transferred to IN token.
But if NULL data is set to FIFO, it is valid only in the case whole SET signal is
L level condition (where FIFO is empty). If it answer to receiving IN token by
using NULL packet in a certain period, it is answered by keeping EPx_EOPB
signal to L level.
However, if mode is dual packet mode, EPx_DATASET signal assert L level for
showing space of data. Therefore, data condition (whether either has data or not)

cannot be confirmed externally.

Note: NULL packet can also be set by accessing EOP register.

Example:

NULL packet
completion of
transmittin

e

DATASET_A —\_

DATASET_B
e ) [ 5 [ [

NULL Neglect NULL NULL NULL NULL

A B A B A

(2) Interrupt control
Interrupt signal is prepared. This function use adept system.
For detail refer to 3.16.2 900/H1 CPU I/F.
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3.16.8 USB Device answer
The USB controller (UDC) sets various register and initialization in the UDC in
detecting of hardware reset, detecting of USB bus reset, and enumeration answer.

Each condition is explained below.

(1) bus reset detect condition.

When the UDC detects a bus reset on the USB signal line, it initializes internal
register, and it prepares enumeration operation from USB host. After detecting a
USB reset, the UDC sets ENDPOINTO to control transfer type 8-byte payload and
default address for using default pipe. Any endpoint other than this is prohibited.

Register name Initial value
ENDPOINT STATUS EPO 00H
Except for EPO 1CH

(2) Detail of STATUS register
Status register that has been prepared for each endpoint shows the condition of
each endpoint in the UDC.

Each condition affects the various USB transfers. Refer to chapter 5 for the
changing conditions for each transfer type.

EPx_STATUS register value is O to 3, and its shows conditions are shown. 0 to 4 are
the results of various transfers. It can be confirmed previous result that is transferred
to endpoint by confirming from external of UDC.

0 READY
1 DATAIN
2 FULL

3  TX_ERR
4 RX_ERR

These conditions mean that the endpoint is operating normally. The meaning that
is showed 1is different for each transfer mode. Therefore, please refer to each transfer
mode column below.
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ISO transfer mode

Below is the transfer condition for the previous frame. Receiving SOF renews

this.

OUT (RX) IN (TX)
Initial READY READY

Not transfer READY FULL
Finish normally DATAIN READY
Detect an error RXERR TXERR

Transfer modes other than ISO transfer

This is the result of the previous transfer. When transfer is finished, this is

renewed.

OUT, SETUP IN
Initial READY READY
Transfer finish normally DATAIN READY
Status stage finish READY READY
Transfer error RXERR TXERR

“Initial” is that renew RESET, USB reset, Current_Config register. In detect error,
it does not generate EPx_DATASET except in toggle transfer mode and Isochronous

transfer mode of interrupt.

5

6

7

5 to 7 in shows the status register means that the endpoint is in special condition.

BUSY

STALL

INVALID

BUSY is generated only at endpoint of control transfer. If UDC transfer in control writes
transfer, when CPU has not finished enumeration transaction, and if it receives ID of status
stage from USB host, BUSY is set. STATUS is BUSY until CPU finishes enumeration
transaction and EPO bit of EOP register is written 0 in UDC. If CPU enumeration transaction
finishes and EPO bit of EOP register is written 0 and status stage from USB host finishes
normally, it displays READY.

STALL shows that endpoint is in STALL condition.

This condition is generated if it violates protocol or error in bus enumeration. To return
endpoint to normal transfer condition, USB device request is needed. This request returns
to normal condition. But control endpoint returns to normal condition by receiving SETUP
token. And it becomes to SETUP stage.

This condition shows condition that endpoint cannot be used. UDC sets condition that isn’t
designated in ENDPOINT to INVALID condition, and it ignores all tokens for this endpoint.
In initializing, this condition is always generated. When UDC detects hardware reset, it sets
all endpoints to INVALID condition. Next, if USB reset is received, endpoint 0 only is
renewed to READY. Other endpoints that are defined on disruptor are renewed if
SET_CONFIG request finishes normally.
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3.16.9 Power Management

USB controller (UDC) can be switched from optional resume condition (turn on the power
supply condition) to suspend (Suspension) condition, and it can be returned from suspend
condition to turn on the power supply condition.

This function can be set to low electricity consumption by operating CLK supplying for

(1) Switch to suspend condition

The USB host can set the USB device to suspend condition by maintaining IDLE
state. The UDC switches to suspend condition by the following process.

e UDC switches to suspend condition if it detects IDLE state of more than 3 ms
(about 3.07ms) on USB signal. At this point, UDC sets SUSPEND bit of STATUS
register to “1”.

e UDC renews USBINTFR1<INT_SUS> and <INT_CLKSTOP> from “0” to “1” if it
detects IDLE state of more than 5 ms (about 5.46ms) on USB signal. Afterward
reset USBCR1<USBCLKE> to “0” to stop USB clock.

e In this condition, all register values into the UDC are kept. However, external
access is not possible except for reading of STATUS register, Current_Config
register, and USBINTFR1, USBINTFR2, USBINTMR1, USBINTMRZ2 and
USBCRI1.

(2) Return from suspend condition by host resume

When activity of bus on USB signal is restored by resume condition output from
USB host, the UDC releases SUSPEND condition, and it resets SUSPEND bit of
STATUS register to “0”. The system is thereby resumed. The resume condition output
from the host is maintained for at least 20 ms. Therefore effective protocol occurs on
USB signal line after this time has elapsed.

(3) Return from suspend condition by remote wakeup

Remote wakeup is system for prompt resume from suspended USB device to USB
host. Some applications do not support remote wakeup. Remote wakeup is also
limited using from USB host by bus enumeration.

UDC remote wakeup function can be used when it is permitted.

Setting remote wakeup by bus can be confirmed by bit7 of Current_Config register.
When this bit is “1”, remote wakeup can be used. Remote wakeup is not disabled by
this bit. Therefore, if this bit shows disabled, remote wakeup must not be set. If it fill
the conditions, output resume condition output to USB host by writing
USBCR1<WAKEUP> from “1” to “0” of UDC in suspend condition. And it prompts
resume from UDC to host. After UDC changes to suspend condition, WAKEUP input
is ignored for 2 ms. Therefore, remote wakeup becomes effective when
USBINTFR1<INT_SUS> is set to “1”.
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(4) Low power consumption by control of CLK input signal

When the UDC switches to suspend condition, it stops CLK and switches to low
power consumption condition. But as system, this function enables low power
consumption by stopping source of CLK. CLK that is supplied to the UDC can be
controlled by wusing USBINTFRI<INT SUS>, <INT_CLKSTOP> and
USBCR1<USBCLKE>.

If UDC switches to suspend condition, USBINTFR1<INT_SUS> is set to “1”, and
<INT_CLKSTOP> is set to “1”. After confirmation, stop CLK supply (USBCLK) by
setting “0” to USBCR1<USBCLKE>. If SUSPEND condition is released by resuming
from host, supply normal CLK to UDC within 3 ms.

When remote wakeup is used, it is necessary to supply a stable CLK to the UDC
before use. When doubler circuit is used as generation source, the above control is
needed.
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e Return from suspend condition by USB reset (by INT_CLKON interrupt)
When UDC stops CLK in suspend condition, UDC can not detect USB reset and

control CLK in suspend condition as above mentioned.

In case CLK is stopped in suspend condition, UDC can detect USB reset and return
from suspend condition by supplying CLK (USBCR1<USBCLKE>=1) after detecting
INT_CLKON interrupt.
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3.16.10 Supplement

(1) External access flow to USB communication

a) Normal movement

INT_SETUP |-|

INT_ ENDPOINTO [ [

INT_STATUS [

REQUEST FLAG | I_
EPO FIFO access ||||”|||| ||||”||||
Request access | I | I i | I | |

Setup Received access Ll

EOP register access Ll

b) Stage error

INT_SETUP rl |_|

INT_ ENDPOINTO [ [

INT_STATUS

REQUEST FLAG | | I
EPO FIFO access ||||”|||| ||||”||||
Request access | I | I i | I | |

Setup Received access Ll

EOP register access |_|

Stage error bit Normal X Stage error Normal
STATUS register read L,_
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(2) Register Initial value
Register Name Initial Value Initial Value Register Name Initial Value Initial Value
OUTSIDE Reset| USB_RESET OUTSIDE Reset| USB_RESET
bmRequestType 0x00 0x00 INT control 0x00 0x00
bRequest 0x00 0x00 USBBUFF_TEST 0x00 Hold
wValue_L 0x00 0x00 USB state 0x01 0x01
wValue_H 0x00 0x00 EPx_MODE 0x00 0x00
windex_L 0x00 0x00 EPx_STATUS 0x1C 0x1C
windex_H 0x00 0x00 EPx_SIZE L_A 0x88 0x88
wLength_L 0x00 0x00 EPx_SIZE _L_B 0x08 0x08
wLength_H 0x00 0x00 EPx_SIZE_H_A 0x00 0x00
Current_Config 0x00 0x00 EPx_SIZE H_B 0x00 0x00
Standard request 0x00 0x00 FRAME_L 0x00 0x00
Request 0x00 0x00 FRAME_H 0x02 0x02
DATASET 0x00 0x00 ADRESS 0x00 0x00
Port Status 0x18 Hold EPx_SINGLE 0x00 Hold
Standard request mode 0x00 Hold EPx_BCS 0x00 Hold
Request mode 0x00 Hold ID_STATE 0x01 0x00

Note 1: The above initial value is the value that is initialized by external reset, USB_RESET. This value may differ

from that displayed depending on conditions.

Please refer to register configure in chapter 2.

Note 2: EPO_STATUS register is initialized to 0x00 after USB_RESET is received.

Note 3:Initial value of ID_STATE register is initialized by external reset, BRESET. When USB_RESET signal is

received from host, it isinitialized to 0x00.

92CF30-428

2009-06-12



TOSHIBA TMP92CF30

(3) USB control flow chart

(a) Transaction for standard request (Outline flowchart (Example))

[ USB interrupt ]

[ Call USBINTO function ]

@ Interrupt

SETUP ENDPOINT 0 STATUS STATUS NAK ENDPOINT 1
transaction transaction transaction transaction transaction
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(b) Condition change

(Turn on power suppID

[ Initialization transaction ]

Normal finish/No transaction

—  -—m--> ",
Waiting USB

interrupt condition

Transmit Request
error/Transmit STALL

Receive USB token

Transaction error/
Transmit STALL

Request
transaction
condition
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(c) Device request and evaluation of various requests
( Start >
| Get request data |
Evaluate Request
Standard request Class request Vendor request Error transaction
CLEAR_FEATURE * Error for not * Error for not
SET_FEATURE support support
GET_STATUS
SET_ADDRESS
SET_CONFIGURATION
GET_CONFIGURATION
SET_INTERFACE
GET_INTERFACE
SYNCH_FRAME
GET_DESCRIPTOR
C o
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(c-1) CLEAR_FEATURE request transaction

C

Start

D

No
Is request right ?

Yes

Evaluate Recipient

Device

Disable remote
wakeup setting

Endpoint
Clear stall setting

Error transaction

| Finish transaction |

C

End

D
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(c-2) SET_FEATURE request transaction

C

Start

D

Yes

Is request right?

Evaluate Recipient

Device

Enable remote
wakeup setting

Endpoint
Set stall

Error transaction

| Finish transaction |

C

End

D
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(c-3) GET_STATUS request transaction

C s D

No

Is request right?

Yes

Evaluate Recipient

Device Interface Endpoint Error transaction
Set self power Set 0 x 0 O data of Set stall information|
supply information 2 bytes

| Finish transaction |

D
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(c-4) SET_CONFIGRATION request transaction

C s D

No

Is request right ?

Yes

No
Is EPO stall ?

. No
Is assignment

value valid ?

No

Is state valid ?

Set assigned configuration Error transaction
value

| Clear stall flag |

| Finish transaction |

C End D)
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(c-5) GET_CONFIGRATION request transaction

C s D

No
Is request right?
No
Is state valid?
Set present configuraion Error transaction
value
| Finish transaction |

C D
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(c-6) SET_INTERFACE request transaction

C s D

Yes

No

No

Is EPO stall?

Qﬁ right?

Yes

Is assigned value

No

valid?

No

Is state valid?

Set each endpoint to
assigned configuration
value.

| Finish transaction |

Error transaction

D
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(c-7) SYNCH_FRAME request transaction

C s D

No

Is request right?

Yes

No
Is EPO stall?

Yes

. No
Is assigned value

valid?

No

Is state valid?

Yes

Set alternate setting value Error transaction
to present transmitting data.

| Finish transaction |

C End D)
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(c-8) SYNCH_FRAME request transaction

C s D

No
Is request right?

Yes

| Finish transaction |

| Error transaction |

D

(c-9) SET_DESCRIPTOR request transaction

C s D

No

Is request right?

Yes

| Finish transaction |

| Error transaction |

C o
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(c-10)GET_DESCRIPTOR request transaction
( Start >
No
Is request right?
No
Is EPO stall?
Is assigneed value No
valid?
Yes
No
Is state valid?
Yes
Device Config String | Error transaction
Set device Set config Set string
descriptor descriptor descriptor
information. information. information.
Write information to
FIFO[EPO_fifowrite ()]

C o
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(c-11)Data read transaction to FIFO by EPO

C s D

No
Is request right?
Yes

| Stage information = data stage | | Read data from FIFO |
| STATUS_NAK interrupt enable | | STATUS_NAK interrupt disable |
| Data read from FIFO | | Stage information = status stage |

All data number | Finish transaction |

renew transfer address

D
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(c-12)Data write transaction to FIFO by EPO

C s D

No

Is request right? 1

Set transmitting size to SIZE
register

Yes

| Stage information = data stage |

Write data to FIFO

| STATUS_NAK interrupt enable |

Is data number a multiple o
payload size?

Set data size to SIZE register

| STATUS_ NAK interrupt disable |

Write data to FIFO

| Stage information = status stage |

All data number
| Finish transaction |

renew former transfer address

C End D)
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(c-13)Initial setting transaction of microcontroller

C s D

| Interrupt disable |

| Set Stack point |

| Set Various interrupts |

| Clear vRAM |

| UDC initialization[UDC_INIT] |

USB firmware
initialization[USB_INIT]

| Interrupt enable |

| Main transaction[main ()] |

(c-14)Initial setting transaction of UDC

C s D

USBC reset transaction

D
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(c-15)Initial transaction of USB number changing firmware

C = D

Renew stage information

Renew current information
Renew support information

| Invalid EP except EPO |

| Various flag Intialization |

C D

(c-16)Set DEVICE_ID data to DEVICE_ID of UDC

C s D

Set DEVICE_ID data to
DEVICE_ID_RAM area.

C D
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(c-17)Descriptor data set transaction

C s D

Set descriptor data to
DESC_RAM area.

D

(c-18)USB interrupt transaction

C s D

Read INT register

Evaluate Interrupt

Setup interrupt
transaction

[Proc_SETUPINT]

Endpoint 0 interrupt

[Proc_ ENDPOINT]

Status NAK interrupt
[Proc_STATUSNAKINT]

Status interrupt
[Proc_STATUSINT]

Others

Error
transaction

Evaluate Request transaction
[STATUS judge]

D
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(c-19)Dummy function for not using maskable interrupts.

e Transaction performs nothing, therefore outline flow is skipped.

(c-20)Request evaluation transaction. If transaction result is error, it initiates
STALL command.

st D

No
Is request right? |

Yes | Error transaction |

C D

(c-21)SETUP stage transaction

C s D

No
Is request right?

Yes

| Stage information = SETUP stage |

| Request transaction |

C D
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(c-22)Perform endpoint 0 transaction except in SETUP stage.

( Start >

Evaluate Stage

Data stage Status stage Others
GET system request Finish normally Error transaction
[EPO_fifowrite]

SET system request
[EPO_fiforead]

D

(c-23)Status stage interrupt transaction

C s D

No
Status stage?

Normal finish
transaction | Error transaction |

C o
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(c-24)STATUS_NAK interrupt transaction

st D

No

Data stage?

Normal finish -
transaction | Error transaction |

C End D

(c-25)This transaction is a non-transaction for USB interrupts.

C s D
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(c-26)Getting descriptor information (related to standard request)
( Start >
Get device information
on descriptor
Is config within
support?
Get config information
on descriptor
Interface is within No
support in config present.
Get device information on
descriptor
Increment count to next config
information
C O
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3.16.11 Notice and Restrictions

1.

When using the USB device controller in the TMP92CF30, a crystal oscillator is
recommended (USB standard < 10 MHz+2500ppm). In this case, a maximum of 3
stages of external hub can be due to the precision of this USB device controller and
the internal clock. If USB compliance (USB logo) is needed, the 5 stages connection is
needed for external hub. And it is needed that input 48MHz clock from X1USB pin
(USB standard < +2500ppm.)

Precaution for using the USB dual packet mode in the TMP92CF30

In the dual packet mode, each FIFO is divided into two independent packets (A and
B) to be controlled alternately by hardware.

When reading data from a receive FIFO, it is necessary to check the state of the two
packets to determine which packet should be processed first. At this time, the
following precaution is required.

The EPx_SIZE register that indicates the presence of valid data is provided
separately for packets A and B. The CPU is required to check the respective
PKT_ACTIVE bits to determine which packet was accessed first and then to know the
number of data in this packet. The packet with its PKT_ACTIVE bit set to “1” is the
packet which was received first.

In determining whether only packet A is active, only packet B is active, or both
packets A and B are active, if the respective PKT_ACTIVE bits are read sequentially,
the state of each bit may change between each read. If this happens, the packets may
not be processed in proper order.

Therefore, the PKT_ACTIVE bit information in the EPx_SIZE register should be
captured and saved in another location such as RAM by using an interrupt request.
Then, use this saved information to perform branch processing.
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3.17 SPI Controller (SPIC)

The SPIC is a Serial Peripheral Interface Controller that supports only master mode.
It can be connected to the SD card, MMC (Multi Media Card) etc. in SPI mode.
Its features are summarized as follows:

1) On-chip 32-byte FIFOs for both transmission and reception

2) Generates the CRC-7 and CRC-16 values for transmission and reception

3) Baud Rate: 20 Mbps (max)

4) Can be connected to multiple SD cards and the MMC. (Since there is only on chip select
signal preassigned as SPCS, use other output ports to allow for more than two

connections.)

This device has 1 channel SPI circuit. It shared with PRO~PR3 pins. However, it is
possible also that it assign SPI function to PC4 ~PC6 pins.

5) Operates as the general synchronous SIO
Selects the followings: MSB/LSB-first, 8/16-bit data length, rising/falling edge

6) Two types of interrupts: INTSPITX (Transmit interrupt), INTSPIRX (receive interrupt)
Select Read/Mask for interrupts: RFUL, TEMP, REND and TEND
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3.17.1 Block Diagram

Figure 3.17.1 shows a block diagram of the SPIC and its connections with a SD card.

SPIC (SPI Controller) SD Card
1
1 1
1
: Baud Rate 1 SPCLK<>100kQ
, fevs —— T B! . SCLK
. Generator |
1 1
1 M 1
1 =] 1
! 6 — @ 1
1 6 bits [ o 1
1 0 1
1 — 1
1 = 1 —_ <100kQ
I 3) ! | spCs cs
\ (16 bit} 2 | B ¢
1 o 1
I %) | I
1 1
g

: T

O 1.2 = 1
! plE g 'g 2 l sppo 3 100K
I O €T g i el =l E DI
1 S n _M X |G O 1
1 m — <! 1
| © R 9 1
|8 -G I
1 a — r-- 15 1
1 [ rgr 2 1
1 £ '3 % 1

o) 5 =]
1 % 1 [4_ 8 AN ! ?: = ! SPDI 100k<
1 =K 16 bitd 5 = o 1=, £ 1 g
. o \‘_ L % = a : i A\ DO
1 @ X @ (a3 1
1 [ | o FE 1
1 — [ 1
1 1
1 1
1 o 1
1 n 1
1 1
1 L | 1
1 — 1
1 1
1 - o 1
1 16 bits| O 1
} o 1
1 n 1
1 Yo 1
1 L | 1
B o o o e e e e e e e e e e e e e e e fe - - — 4
L Port
INTSPI WP (Write Protect)
INT
d CD (Card Detect)

Note 1: The SPCLK, SPCS , SPDO and SPDI pins are configured as input ports (Ports PR3, PR2, PR1 and PRO)

upon reset.
Thus, these pins require pull-up resisters to fix their voltage levels. The pull-up resistor values should be
adjusted under real-world conditions.

Note 2: Any one of general inputs and interrupt should be used as the WP (Write Protect) and CD (Card Detect)

inputs, respectively.

Figure 3.17.1 Block Diagram and Connection Example
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SPIMD
(0820H)

A read-
modify-write
operation
cannot be
performed

(0821H)

3.17.2 Special Function Registers (SFRs)

This section describes the SFRs of the SPIC. These are connected to the CPU with 16 bit
data buses.

(1) SPIMD (SPI Mode Select register)

The SPIMD register specifies the operating mode, clock operation, etc.
SPIMD Register

7 6 5 4 3 2 1 0
Bit Symbol SWRST XEN CLKSEL2 | CLKSEL1 | CLKSELO
Read/Write W R/IW RIW
Reset State 0 0 1 | 0 | 0
Function Software SYSCK Select Baud Rate(Notel)
Reset 0: Disable 000: Reserved 100: fsys/8
0: Don't care| 1: Enable 001: fsys/2 101: fsys/16
1: Reset 010: fsys/3 110: fsys/64
011: fsys/4 111: fsys/256
15 14 13 12 11 10 9 8
Bit Symbol | LOOPBACK| MSB1ST [ DOSTAT TCPOL RCPOL TDINV RDINV
Read/Write R/W R/W
Reset State 0 1 1 0 0 0 0
Function LOOPBACK | Start Bit for  |SPDO Pin Synchronizati | Synchronizat | Data Data Inversion
Test Mode | Transmission /| State -on Clock ion Clock Inversion for| for Reception
0:Disbale Reception When Not Edge Select [Edge Select | Transmissio | O: Disable
1:Enable 0:LSB Transmitting for for Reception| n0: Disable |1: Enable
1: MSB 0: Fixed to “0” Transmission | O: fall 1: Enable
1:Fixed to “1” 0: Falling 1: rise
edge
1: Rising
edge

Note: The SD card of the TMP92CF30 supports a baud rate of up to 20 Mbps in SPI mode. The baud rate should be
adjusted with the operating frequency of the CPU (fsys) so that it does not exceed 20 MHz.

Figure 3.17.2 SPIMD Register

(a) LOOPBACK

Setting the XEN and LOOPBACK bits to 1 enables the internal SPDO output to be
internally connected to the SPDI input. This setup can be used for testing.

Also, a clock signal is generated from the SPCLK pin, regardless of whether data
transmission or receptionis in progress.

Data transmission or reception must not be performed while changing the state of
this bit.

Data Transmission j {>—)|:| SPDO pin

Data Reception «——Y
A<—<]<—[|SPD| pin

SPIMD<LOOPBACK>

Figure 3.17.3 LOOPBACK Bit Configuration
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(b) MSB1ST

This bit specifies whether to transmit/receive byte with the MSB first or with the
LSB first. Data transmission or reception must not be performed while changing the
state of this bit.

(¢ DOSTAT

This bit specifies the status of the SPDO pin of when data transmission is not
performed (i.e., after completing data transmission or during data reception). Data
transmission or reception must not be performed while changing the state of this bit.

(@ TCPOL

This bit specifies the polarity of the active edge of the synchronization clock for data
transmission.

The XEN bit should be cleared to “0” for changing the state of this bit. At the same
time, RCPOL should also be cleared to “0”.

SPCLK pin (TCPOL = “0") M ------- I |
SPCLK pin (TCPOL =“1") —|_|_L|_|_|_\_|_|

SPDO pln 1Ise X X X X e MSB
Bit0 Bitl Bit2 Bit3 Bit4 Bit 7

Figure 3.17.4 Timing Diagram of Data Transmissions Controlled by the TCPOL Bit

(e) RCPOL

This bit specifies the polarity of the active edge of the synchronization clock for data
reception.

The SPIMD<XEN> bit should be cleared to “0” for changing the state of this bit.
TCPOL should also be cleared to “0”.

SPCLK pin (RCPOL = “17) | | | | | | | | | ........ | | |
SPDI pin XsB X X XX XMSB X

Bit0O Bitl Bit2 Bit3 Bit4 Bit 7

Figure 3.17.5 Timing Diagram of Data Receptions Controlled by the TCPOL Bit

() TDINV

This bit specifies whether to logically invert the data transmitted from the SPDO pin
or not. Data transmission or reception must not be performed while changing the state
of this bit.

(g) RDINV

This bit specifies whether to logically invert the data received from the SPDI pin or
not. Data transmission or reception must not be performed while changing the state of
this bit.
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(h) SWRST

@

W)

This bit is used to performs a software reset of the read and write pointers for data
transmission and reception. Stop the data transmission after writing a “0” to the
SPICT<TXE> bit where XEN = “1”. Then, write a “1” to the SWRST bit to initialize the
read and write pointers of transmit and receive FIFO buffers.

Writing a “0” to the SPICT<TXE> bit stops data transmission after transmitting the
UNIT data that is currently being transmitted. Then, writing a “1” to the SWRST bit
invalidate the data in the transmit FIFO buffer. Therefore, the data is not output even
if the data transmission is restarted after performing a software reset. Do not write a
“1” to the SWRST bit in the middle of data transmission.

In case of performing data reception, the received data contained in the receive FIFO
buffer becomes invalid.

However, when performing Sequential-mode data reception, data reception
continues even if the data in the receive FIFO buffer becomes invalid. Therefore, stop
data reception by writing a “0” to the SPICT<RXE> bit after receiving the data that is
currently being received. Then, (after confirming there is no UNIT data currently
being received, or ) the receive operation can be stopped completely by writing a “1” to
the SWRST bit after checking no UNIT data in receiving (namely after REND
interrupt or the time to receive 1TUNIT).

Do not write a “1” to the SWRST bit during a data reception. Software reset can be
performed in a single-shot operation, which is to write a “1” to the SWRST bit (it is not
required to write a “0” to the SWRST bit). Simultaneous writing of 1s to the XEN and
SWRST bits is also supported.

XEN

This bit enables or disables the internal clock signal. Always set this bit to “1” when
using the SPI controller.

CLKSEL2:0

This bit selects the baud rate. The baud rate is generated using the system clock fsys
and 1s programmable as shown below according to the system clock settings.

Data transmission or reception must not be performed while changing the state of
these bits

Note: The SD card of the TMP92CF30 supports a baud rate of up to 20 Mbps. This field should be programmed so

that SPCLK signal does not exceed 20 MHz When setting the baud rates, select less than 20 Mbps according
to the operation speed of CPU (fsys).

Table 3.17.1 Example of Baud Rate

Baud Rate [Mbps]
<CLKSEL2:0> fsys = 60 MHz fsys = 80 MHz
fsys/2 - -
fsys /3 20 -
fsys /4 15 20
fsys /8 7.5 10
fsys /16 3.75 5
fys /64 0.9375 1.25

fsys 1256 0.234375 0.3125
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(2) SPI Control Register (SPICT)
The SPICT register specifies data length, CRC, etc.
SPICT Register
7 6 5 4 3 2 1 0
SPICT |Bit Symbol CEN SPCS B UNIT16 TXMOD TXE FDPXE RXMOD RXE
(0822H) |Read/Write RIW
Reset State 0 1 0 0 0 0 0 0
Function Communicati-| SPCS Pin [Data Length [Transmit Transmission |Alignment Receive Receive
on Control Select Mode Select |Enable Enable in Mode Select (Enable
Control 0: Setto “0” |0: 8 bits 0: UNIT 0: Disable Fullduplex  [0: UNIT 0: Disable
0: Disable 1: Set to “17 [1: 16 bits 1: Sequential (1: Enable mode 1: Sequential [1: Enable
1: Enable 0: Disable
1: Enable
15 14 13 12 11 10 9 8
Bit Symbol CRC16_7_B [ CRCRX_TX_B | CRCRESET_B
(0823H) |Read/Write RIW
Reset State 0 0 0
Function CRC Select |CRC Data |CRC
0: CRC7 0: Transmit |Calculation
1: CRC16 |1: Receive |Register
Control
0: Reset
1:Reset
Release

(a) CRC16_7_B

Figure 3.17.6 SPICT Register

This bit selects the CRC calculation algorithm from the CRC7 and CRC16.

(b) CRCRX_TX B

This bit selects the data to be sent to the CRC generator. When CRCRX_TX_B = “0”,
the CRC calculation is performed on the transmit data. Otherwise, it is performed on

the received data.

(¢0 CRCRESET B

This bit is used to initialize the CRC calculation register.
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This section describes how to calculate the CRC16 of the transmit data and to append the
calculated CRC value at the end of the transmit data. Figure 3.17.7 below illustrates the
flow chart of the CRC calculation procedures.

(1) Program the SPICT<CRC16_7_B> bit to select the CRC algorithm from CRC7 and
CRC16. Then, also program the CRCRX_TX_B bit to specify the data on which the
CRC calculation is performed.

(2) To reset the SPICR register, write a “0” to the CRCRESET_B bit and then write a “1” to
the same bit.

(3) Load the SPITD register with the transmit data, and wait until transmission of all data
1s completed.

(4) Read the SPICR register and obtain the result of the CRC calculation.
(5) Transmit the CRC obtained in step (4) in the same way as step (3).

The CRC calculation on the receive data can be performed in the same procedures.

( Start )

CRC16_7 B ="1",
CRCRX_TX_B ="“0"

CRCRESET_B =“0"— “1”

I

Transmit all data

I

Read CRC from SPICR

|

Write CRC in SPITD and send

Figure 3.17.7 Flow Chart of the CRC Calculation Procedures
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(d

(e)

(®

(g)

(h)

@

CEN
This bit enables or disables the pins for the SD card and MMC connections.

When the card is not inserted or when it is not powered on, a shoot through current
might flow in the SPDI pin, for it enters the floating state. Also, currents may
unintentionally flow into the card from the SPCS , SPCLK and SPDO pins when they
generate a logic 1. This bit can be used to avoid these problems.

If write <CEN> to “0” with PRCR and PRFC selecting SPCS, SPCLK, SPDO and
SPDI signal, SPDI pin is prohibited to input (avoiding penetrated current) and SPCS ,
SPCLK, SPDO pin become high impedance.

When writing a “1” to the CEN bit, ensure that a card is properly inserted and
powered on, as well as that the clock signal is supplied to the SPIC (SPIMD<XEN> =
“1”)'

SPCS_B
This bit specified the logic state of the SPCS output.

UNIT16

This bit selects the data length for transmission and reception. The data length is
hereafter referred to as the UNIT. Data transmission or reception must not be
performed while changing the state of this bit

FDPXE

This bit should be set to “1” when performing the full-duplex communication. This
bit specifies whether to align the transmit and receive data on the UNIT-size
boundaries.

Data transmission or reception must not be performed while changing the state of
this bit.

TXMOD

This bit selects the data transmission mode from UNIT and Sequential modes.
During transmission, it is prohibited to change the transmission mode from Sequential
to UNIT, or vice versa.

For UNIT-mode transmission, the transmit FIFO buffer is disabled. The TEMP
interrupt is generated when the data is loaded from the transmit data register (SPITD)
to the transmit shift register.

For sequential-mode transmission, the 32-byte FIFO is enabled. The TEMP
interrupt is generated when the empty space of the FIFO becomes 16 bytes or 32 bytes.

TXE

This bit enables or disables data transmission. Data transmission is started when
this bit set to “1” after loading the transmit data into the transmit FIFO, or when
loading the transmit data to the transmit FIFO when this bit is already set to “1”. The
state of this bit can be changed even during data transmission. If this bit is cleared to 0
during a data transmission, the transmission is stopped after completing the
transmission of the UNIT data currently being transmitted.

92CF30-458 2009-06-12



TOSHIBA TMP92CF30

Important Note:
When in UNIT mode (TXMOD = “0”), the following restriction is imposed on the
system operation.

When the SPICT<TEX> bit is set to “1”, the state of any bits must not be changed
until the data transmission is completed.

Sample Program 1:

LD (SPITDx), A ; Load the transmit data
DI ; Disable the interrupt
SET 3, (SPICT) ; Start transmission by setting the TXE bit to “1”
Wait: BIT 1, (SPIST) ; Wait for the completion of the transmission
JPZ, Wait
RES 3, (SPICT) ; Disable the transmission by clearing the TXE bit to “0”
El ; Enable the interrupt

Sample Program 2 (Recommend):
Check the transmission end flag. (SPIST<TEND> = “1")

LD (SPITDx), A ; Load “A” the transmit data

DI ; Disable the interrupt

SET 3, (SPICT) ; Start transmission be setting the TXE bit to “1”

RES 3, (SPICT) ; Disable the transmission by clearing the TXE bit to “0”
El ; Enable the interrupt

G) RXMOD

This bit selects the data reception mode from UNIT and Sequential modes. During
reception, it is prohibited to change the reception mode from Sequential to UNIT, or
vice versa.

For UNIT-mode reception, the receive FIFO buffer is disabled and the RFUL
interrupt is generated when the received data is loaded from the receive shift register
to the receive data register (SPIRD).

For sequential-mode reception, the 32-byte receive FIFO is enabled and the RFUL
interrupt is generated when the size of received data stored in the receive FIFO
reaches 16 or 32 bytes.
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(k)

RXE

In the UNIT-mode reception, writing a “1” to this bit enables the reception of only
one UNIT-size data.

When reading the receive data register (SPIRD) while this bit is kept enabled, one
more UNIT data is additionally received.

In Sequential mode, writing a “1” to this bit enables the sequential data reception
until the 32-byte FIFO buffer becomes full. The state of this bit can be changed even
during the data reception. If this bit is cleared to “0” during a data reception, the
reception is stopped after completing the reception of the UNIT data currently being
received.

[Data Transmission/Reception Modes]

This SPI Controller supports six operating modes as listed below.
These are specified by the FDPXE, RXMOD, RXE, TXMOD, TXE bits.

Table 3.17.2 Data Transmission Reception Modes

Operating Mode Bit Settings Description
<FDPXE> | <TXMOD> | <TXE> | <RXMOD> | <RXE>
(1) UNIT transmission 0 0 1 X X Transmit the SPITD data per UNIT
(2) Sequential transmission 0 1 1 X X Transmit the FIFO data sequentially
(3) UNIT reception 0 X X 0 1 Receive only one UNIT-size data
(4) Sequential reception 0 X X 1 1 Automatically receive data if FIFO buffer
has any empty space
(5) UNIT transmission and 1 0 1 0 1 Transmit/receive one UNIT-size data with
reception the addresses of transmit/receive data
aligned on UNIT-size boundaries
(6)Sequential transmission 1 1 1 1 1 Transmit/receive data sequentially with the
and reception addresses of transmit/receive data aligned
on UNIT-size boundaries

Xx: Don't care
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Differences Between the UNIT-mode and Sequential-mode transmissions

The UNIT mode for the data transmission can be selected by writing a “0” to the
SPICT<TXMOD> bit.

The transmit FIFO buffer is disabled in UNIT mode. The UNIT-mode transmission starts
when the UNIT-size data is loaded into the SPITD register where SPICT<TXE> = “1”, or
when the SPICT<TXE> is set to “1” after loading one UNIT-size data into the SPITD
register. During the data transmission, it is prohibited to change the transmission mode
from Sequential to UNIT, or vice versa.

In the UNIT-mode transmission, the TEMP interrupt is generated when the transmit
data is loaded from the transmit data register (SPITD) to the transmit shift register. Also,
the TEND interrupt is generated upon completion of the transmission of the last UNIT
data.

Important Note:
When in UNIT mode (TXMOD = “0”), the following restriction is imposed on the
system operation.

When the SPICT<TEX> bit is set to “1”, the state of any bits must not be changed
until the data transmission is completed.

Sample Program 1:

LD (SPITDx), A ; Load the transmit data
DI ; Disable the interrupt
SET 3, (SPICT) ; Start transmission by setting the TXE bit to “1”
Wait: BIT 1, (SPIST) ; Wait for the completion of the transmission
JPZ, Wait
RES 3, (SPICT) ; Disable the transmission by clearing the TXE bit to “0”
El ; Enable the interrupt

Sample Program 2 (Recommend):
Check the transmission end flag. (SPIST<TEND> = “1")

LD (SPITDx), A ; Load “A” the transmit data

DI ; Disable the interrupt

SET 3, (SPICT) ; Start transmission be setting the TXE bit to “1”

RES 3, (SPICT) ; Disable the transmission by clearing the TXE bit to “0”
El ; Enable the interrupt

The Sequential mode for the data transmission can be selected by writing a “1” to the
SPICT<TXMOD> bit. The 32-byte FIFO is enabled in Sequential mode.

In this mode, the data writes to the transmit FIFO must be performed in 16-byte units.
Otherwise, the TEMP interrupt is not properly generated.

In the Sequential-mode transmission, transmit data written into the SPITD is loaded
sequentially when SPICT<TXE> = “1”. The transmission in this mode can also be started
by setting the SPICT<TXE> bit to “1” after writing the transmit data into the transmit
FIFO. The transmit data is transmitted in the same order as they were written into the

FIFO.

This mode of transmission keeps transmitting data as long as the transmit data exists.
Therefore, the Sequential-mode transmission continues as long as the transmit FIFO (32
bytes) has any valid data. During the data transmission, it is prohibited to change the
transmission mode from Sequential to UNIT, or vice versa.
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The state of the SPICT<TXE> bit can be changed even during the data transmission.
Writing a “0” to the SPICT<TXE> bit during a transmission stops the transmission after
completing the transmission of the UNIT data currently being transmitted.

The TEMP interrupt is generated when the empty space size of the FIFO becomes 16 or

32 bytes. The TEND interrupt is generated upon completion of the transmission of the last
UNIT data.

92CF30-462 2009-06-12



TOSHIBA

TMP92CF30

Differences Between the UNIT-mode and Sequential-mode Receptions

The UNIT-mode reception receives only one UNIT-size data. The UNIT mode for the
data reception can be selected by writing a “0” to the SPICT<RXMOD> bit.

The receive FIFO is disabled in UNIT mode. Writing a “1” to the SPICT<RXE> bit
Initiates a receive operation of one UNIT data. Then, the transmission is terminated after
storing the received data into the receive data register (SPIRD). To perform one-UNIT data
reception, read the SPIRD register after writing a “0” to the SPICT<RXE> bit. If the SPIRD
register is read again when the SPICT<RXE> bit is set to “1”, one-UNIT data is
additionally received. During the data reception, it is prohibited to change the reception
mode from Sequential to UNIT, or vice versa.

In this mode, the RFUL and REND interrupts are generated when the receive data is
loaded into the SPIRD register from the receive shift register.

The Sequential-mode reception automatically receives the data as long as the receive
FIFO has any empty space. The Sequential mode is selected by writing a “1” to the
SPICT<RXMOD> bit. The 32-byte receive FIFO is disabled in this mode. In this reception
mode, the data reads from the receive FIFO must be performed in 16-byteunits. Otherwise,
the RFUL interrupt is not properly generated.

Received data is stored into the receive FIFO by writing a “1” to the SPICT<RXE> bit.

This mode of reception keeps receiving the next data automatically unless the data
receive FIFO becomes full (32 bytes). Therefore, the reception continues sequentially
without stopping at every UNIT-sized reception. During the data reception, it is prohibited
to change the reception mode from Sequential to UNIT, or vice versa.

Writing a “0” to the SPICT<RXE> bit during a reception stops the data reception after
completing the reception of the UNIT data currently being received.

The RFUL interrupt is generated when the size of data stored into the FIFO reaches 16
or 32 bytes. The REND interrupt is generated when the 32-byte receive FIFO becomes full.
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Transmit and Receive Operation

When performing a data transmission and reception simultaneously, the FDPXE bit
must be set to “1”.

Write a “1” to the SPICT<RXE> bit after writing a “1” to the FDPXE bit to put the
receiver into standby mode for the UNIT-mode reception. Writing a “1” to the SPICT<RXE>
bit after writing a “1” to the <FDPXE> bit does not immediately initiate the receive
operation. This is because the data to be transmitted at the same time has not been

prepared. Transmit and receive operation is started only after the transmit data is written
into the SPITD register where SPICT<TXE> = “1”.

The figure below shows the operations of the receiver and transmitter for the
simultaneous transmit and receive operation. :

Start Start
receiving transmitting
|
SPCLK output §||||||||||||||||

Xse X X XX XXX

Bitl Bit2 Bit3 Bit4 Bit5 Bit6

SPDI input

SPCLK output

[ I I oy A
XX XXX X XX

, Bit0 Bitl Bit2 Bit3 Bit4 Bit5 Bit6 Bit7

SPDO output

Note: If the data transmission and reception are not performed simultaneously, data communication should be
performed with the FDPXE bit cleared to “0”".

Figure 3.17.8 Transmit and Receive Operation
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(3) Interrupts

The SPIC generates two types of interrupt requests to the Interrupt Controller (INTC),
which are the transmit interrupt (INTSPITX) and receive interrupt INTSPIRX) requests.
Also, the SPIC has four types of interrupts; two for transmission and two for reception.

(a) Transmit interrupts

TEMP (Transmit FIFO Empty interrupt) and TEND (Transmit End interrupt)

As for the TEMP interrupt, the timing of the interrupt generation differs depending on
the transmission mode, which is UNIT or Sequential.

In the Sequencial-mode transmission, the data writes to the transmit FIFO must be
performed in 16-byte units. Otherwise, the TEMP interrupt is not properly generated.

UNIT-mode transmission

Since the transmit FIFO is disabled in this mode, the TEMP interrupt is generated
when the data written in the transmit data register (SPITD) is loaded into the
transmit shift register.

The TEND interrupt is generated when the transmission of the last UNIT data is
completed with the FIFO being empty (i.e., after the falling edge of the last bit clock
where SPIMD<TCPOL> = “0”).

Sequential-mode transmission

The TEMP interrupt is generated by the following two conditions: One is when the
empty space size of the transmit FIFO reaches 16 bytes, and the other is when it
reaches 32 bytes.

The TEND interrupt is generated when the transmission of the last UNIT data is
completed with the FIFO being empty (i.e., after the falling edge of the last bit clock
where SPIMD<TCPOL> = “0”).

(b) Receive interrupts
RFUL (Receive FIFO interrupt) and REND (Receive End interrupt).

As for the RFUL interrupt, the timing of the interrupt generation differs depending
on the reception mode; which is UNIT or Sequential.

In the Sequencial-mode transmission, the data reads from the receive FIFO must be
performed in 16-byte units. Otherwise, the RFUL interrupt is not properly generated.

UNIT-mode reception
Since the receive FIFO is disabled in this mode, the RFUL interrupt is generated at
the same timing as the REND interrupt is generated.

The RFUL and REND interrupts are generated when the data is loaded from the
receive shift register into the receive data register (SPIRD).

Sequential-mode reception

The RFUL interrupt is generated by the following two conditions: One is when the
size of data stored into the receive FIFO reaches 16 bytes, and the other is when it
reaches 32 bytes.

The REND interrupt is generated when the 32-byte receive FIFO becomes full.
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SPIST
(0824H)

(0825H)

(3-1) SPI Status Register (SPIST)

The SPIST register contains three bits that indicates the status of data communication.

SPIST Register

7 6 5 4 3 2 1 0
Bit Symbol TEMP TEND REND
Read/Write R R
Reset State 1 1 0
Function Transmit Transmission|Reception
FIFO Status Status
Status 0: 0: Reception
0: No empty Transmission|in progress
space in progress  |or not having
1: Has an or having receive data
empty space transmit data |1: Reception
1: Ended or
Transmission|FIFO full
ended
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write
Reset State
Function
Figure 3.17.9 SPIST Register
(a) TEMP

(b)

()

For UNIT-mode transmission, this bit is cleared to “0” when the transmit register
(SPITD) contains valid data; otherwise, it is set to “1”.

For Sequential-mode transmission, this bit is set to “1” when the transmit FIFO
buffer contains no valid data.

TEND

This bit is cleared to “0” when the SPITD register or the transmit FIFO contains
valid transmit data, and also when the transmission is in progress. This bit is set to “1”
after completing the data transmission where the SPITD register and the transmit
FIFO contain no valid data.

REND

For UNIT-mode reception, this bit is set to “1” when completing the data reception
and valid data is stored into the receive data register (if there is any valid data). This
bit is cleared to “0” when the receive register (SPIRD) contains no valid data, or when
the reception is in progress.

For Sequential-mode reception, this bit is set to “1” when the 32-byte receive FIFO is
full with the valid data after completing the reception of the last data. This bit is
cleared to “0” when there is still an empty space of one byte or more in the FIFO.

The RFUL flag does not exist because its function is exactly the same as the REND
flag.
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SPIIE
(082CH)

(082DH)

(3-2) SPI Interrupt Enable Register (SPIE)

The SPIIE register enables or disables the generation of four types of interrupts.

SPIIE Register

7 6 5 4 3 2 1 0
Bit Symbol TEMPIE RFULIE TENDIE RENDIE
Read/Write R/W
Reset State 0 0 0 0
Function TEMP RFUL TEND REND
interrupt  |interrupt interrupt interrupt
0:Disable |0:Disable [0:Disable |0:Disable
1:Enable [1:Enable |1:Enable [1:Enable
15 14 13 12 11 10 9 8
Bit Symbol
Read/Write
Reset State
Function
Figure 3.17.10 SPIIE Register
(a) TEMPIE
This bit enables or disables the TEMP interrupt.
(b) RFULIE

(c) TENDIE
This bit enables or disables the TEND interrupt.

(d) RENDIE

This bit enables disables the REND interrupt.

This bit enables or disables the RFUL interrupt.

Note: The SPIC supports four types of interrupts; two transmit interrupts (TEMP,and TEND, both of which causes the

generation of the INTSPITX interrupt request) and two receive interrupts (RFUL and REND, both of which

causes the generation of the INTSPIRX interrupt request). However, for the proper operation, select either one

of the TEMP and TEND interrupts and also select either one of the RFUL and REND interrupts. (Simultaneous

use of the TEMP and TEND interrupts is prohibited, as well as the simultaneous usage of the RFUL and REND

interruptsy.)
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SPICR
(0826H)

(0827H)

(4) SPI CRC Register (SPICR)
The SPICR register contains the CRC calculation result for transmit/receive data.

SPICR Register

sng ereq [eusau|

7 6 5 4 3 2 1 0
Bit Symbol CRCD7 CRCD6 CRCD5 CRCD4 CRCD3 CRCD2 CRCD1 CRCDO
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function CRC result bits [7:0]

15 14 13 12 11 10 9 8
Bit Symbol CRCD15 | CRCD14 | CRCD13 | CRCD12 | CRCD11 | CRCD10 CRCD9 CRCD8
Read/Write R
Reset State o | o | o | o | o | o | o | o
Function CRC result bits [15:8]

Figure 3.17.11 SPICR Register

(a) CRCD15:0

The CRC result which is calculated according to the settings of the CRC16_7_b,
CRCRX_TX_B and CRCRESET_B bits in the SPICT register are loaded into this
register. When using the CRC16 algorithm, all the bits participate in the CRC
generation. When using the CRC7 algorithm, only the lower seven bits participates in
the CRC generation. The following describes the steps required to calculate the CRC16
for the transmit data.

First, initialize the CRC calculation register by writing a “1” to the CRCRESET_B
bit after programming three bits as follows: CRC16_7_b =“1”, CRCRX_TX_B =“0", and
CRCRESET_B = “0".

Then, by writing the transmit data into the SPITD register, complete the
transmission of all bits, for which the CRC should be calculated.

The SPIST<TEND> bit should be checked to confirm whether the reception is
completed.

By reading the SPICR register after the transmission is completed, the CRC16 for
the transmit data can be obtained.

Note: The CRC is generated upon data input and output of the TMP92CF30 as illustrated below. The timing of the

CRC comparison should be fully considered when performing Sequential-mode transmit and receive

operation using the FIFOs.

SPITD

SPIRD

TMP92CF30 SPI Slave
P
o) 15!
I o = Sppo =100k
T ¢ el [S DI
X © IV
- :»— ' >
Lo )
-5 | 8
o g &
A F= 100k
L9 181 \E SPDI
L & ! % : 7 t DO
% F3
Lo

CRC generation timing
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(5) SPI Transmit Data Register (SPITD)
The SPITDO and SPITD1 registers are used for writing the transmit data.
SPITDO Register
7 6 5 4 3 2 1 0
SPITDO Bit Symbol TXD7 TXD6 TXD5 TXD4 TXD3 TXD2 TXD1 TXDO
(0830H) | Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Transmit data bits [7:0]
15 14 13 12 11 10 9 8
(0831H) Bit Symbol TXD15 TXD14 TXD13 TXD12 TXD11 TXD10 TXD9 TXD8
Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Transmit data bits [15:8]
SPITD1 Register
7 6 5 4 3 2 1 0
SPITD1 Bit Symbol TXD7 TXD6 TXD5 TXD4 TXD3 TXD2 TXD1 TXDO
(0832H) | Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Transmit data bits [7:0]
15 14 13 12 11 10 9 8
(0833H) Bit Symbol TXD15 TXD14 TXD13 TXD12 TXD11 TXD10 TXD9 TXD8
Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Transmit data bits [15:8]

Figure 3.17.12 SPITD Register

This register is used for writing the transmit data. When this register is read, the

last-written data is read out. This register is overwritten if the next data is written with the

transmit FTFO being full.

Since the transmit data registers can contain data of up to four bytes, it can support write

operations that are performed by using four-byte instructions, such as the parallel

operation of the SPI and DMA.

When writing the data, the transmit data at the address 830 must always be the first to

be written.

There are several restrictions of the data writing methods (i.e., instructions to be used).

For more details, please refer to the following table.

UNIT-mode Transmission Sequential-mode Transmission
Transmit Data Instruction (FIFO Disabled) (FIFO Enabled)
Write Size Example 1—b3./te. 2'b¥‘e_ 1—b)'/te' 2‘b¥te,
transmission transmission transmission transmission
unitl6 =0 unitle =1 unitl6 =0 unitle =1
1-byte write Id (0x830),a O Prohibited
2-byte write Id (0x830),wa L O O
4-byte write Id (0x830),xwa ° L O
o: All data that are written by the CPU are transmitted.
o: Invalid data are also transmitted along with the data written by the CPU.
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(6) SPI Receive Data Register (SPIRD)
The SPIRDO and SPIRD1 registers are used for reading the received data.
SPIRDO Register
7 6 5 4 3 2 1 0
SPIRDO | Bit Symbol RXD7 RXD6 RXD5 RXD4 RXD3 RXD2 RXD1 RXDO
(0834H) | Read/Write R
Reset State o | o | o [ o | o | o o | o
Function Receive data bits [7:0]
15 14 13 12 11 10 9 8
(0835H) | Bit Symbol RXD15 RXD14 RXD13 RXD12 RXD11 RXD10 RXD9 RXD8
Read/Write R
Reset State o | o | o [ o | o | o o | o
Function Receive data bits [15:8]
SPIRD1 Register
7 6 5 4 3 2 1 0
SPIRD1 | Bit Symbol RXD7 RXD6 RXD5 RXD4 RXD3 RXD2 RXD1 RXDO
(0836H) | Read/Write R
Reset State o | o | o | o | o | o o | o
Function Receive data bits [7:0]
15 14 13 12 11 10 9 8
(0837H) | Bit Symbol RXD15 RXD14 RXD13 RXD12 RXD11 RXD10 RXD9 RXD8
Read/Write R
Reset State o | o [ o | o [ o | o o | o
Function Receive data bits [15:8]

Figure 3.17.13 SPIRD Register

This register is used for reading the received data. Please check the state of the RFUL or
REND bit before starting a read operation.

Since the receive data registers can contain data of up to four bytes, it can support read

operations that are performed by using four-byte instructions, such as the parallel

operation of the SPI and DMA.

When reading the data, the receive data at the address 834 should be the first to be read.

(There are some exceptions.)

There are several restrictions of the data reading methods (i.e., instructions to be used).

For mode details, please refer to the following table.

UNIT-mode Reception Sequential-mode Reception
Receive Data Instruction (FIFO Disabled) (FIFO Enabled)
Read Size Example L-byte 2-byte reception 1-byte 2-byte

reception unitl6 = 1 reception reception
unitl6 =0 - unitl6 = 0 unitl6 = 1
1-byte read Id a,(0x834) O Prohibited Prohibited
Id a,(0x835) L Prohibited Prohibited

2-byte read Id wa, (0x834) **1 O O

4-byte read Id xwa,(0x834) **2 **3 O o

o: Only the valid data are read when the CPU is reading.

+: Valid data + invalid data are read when the CPU is reading. Invalid data must be deleted later.

o: Only the invalid data are read when the CPU is reading.
*1: Address 834 = Valid data, address 835 = Invalid data,

*2: Address 834 = Valid data, address 835 = Invalid data, address 836 = Invalid data, address 837 = Invalid data
*3: Address 834 = Valid data, address 835 = Valid data, address 836 = Invalid data, address 837 = Invalid data

92CF30-470

2009-06-12



TOSHIBA TMP92CF30

3.17.3 Notes on the Operations Using the FIFO Buffers

Things to be noted when using the SPIC are as follows:

1) Transmission

The transmit FIFO buffer is overwritten if the new data is written with the transmit FIFO
buffer being full. Also, since the FIFO write pointer does not point to the correct write position,
interrupts and transmissions are not properly executed. Therefore, the number of writes
should be controlled by using software.

In the Sequential-mode transmission, the data writes to the transmit FIFO must be
performed in 16-byte units. Otherwise, the TEMP interrupt is not properly generated.

Note: For data transmission in units of other than 16 bytes, UNIT mode must be selected.

2) Reception

If a read operation is performed when the receive FIFO is empty, undefined data is read.
Also, since the FIFO read pointer does not point to the correct read position, interrupts and
receptions are not properly executed. Therefore, the number of reads should be controlled by
using software.

In the Sequential-mode reception, the data reads from the receive FIFO must be performed
in 16-byte units. Otherwise, the RFUL interrupt is not properly generated.

Note: For data reception in units of other than 16 bytes, UNIT mode must be selected.

3) CRC

The CRC is generated upon transmission and reception to/from the SPI slave device. (Refer
to the section on the SPICRC register fro more details.) The timing of the CRC comparison
should be fully considered when performing Sequential-mode transmit and receive operation
using the FIFOs.

Example: Sequential-mode reception
1. Start Sequential-mode reception
. finish valid data receive (FIFO_Full)
. Stop data reception
. Read valid data from the FIFO to a temporary buffer (internal RAM, etc.)
. Read CRC1 from the CRC generator in the SPIC
. Start CRC2 reception (upon UNIT-mode reception from the SD-CARD)
. Compare CRC1 and CRC2

N O Ot &~ W DD

Note: The steps 2 to 4 of the above sequence can be used DMAC. However, to perform the CRC comparison, the
receive operation must be stopped once as described in step 3. Otherwise, the CRC1 value obtained from the
internal CRC generator unintentionally contains CRC2 as well as the valid data, which leads to an incorrect

CRC comparison.
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3.18 %S (Inter-IC Sound)

The TMP92CF30 incorporates serial output circuitry that is compliant with the I2S format.
This function enables the TMP92CF30 to be used for digital audio systems by connecting an
LSI for audio output such as a DA converter.

The I2S unit has the following features:

Table 3.18.1 1°S Operation Features

ltem Description

Number of Channels 1 channel

Format I°S-format compliant

Right-justified and left-justified formats supported
Stereo / monaural

Master transmission only

Pins used 1. 12S0CKO (clock output)

2. 12S0DO (output)

3. 12S0WS (Word Select output)

WS frequency

Refer to “Setting the transfer clock generator and Word Select signal”.
Data transfer rate

Transmission buffer 64 bytes x 2

Direction of data MSB-first or LSB-first selectable
Data length 8 bits or 16 bits

Clock edge Rising edge or falling edge
Interrupt INTI2S0

(64-byte FIFO empty interrupt)
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3.18.1 Block Diagram
1250CTL 12S0CTL
<CLKSO> <EDGEO>
fsys——> _bi 12SCKO
Counter ] 8-bit 12SCKO D 12S0CKO
fpLL ——> Stop Counter Stop Invert
12SO0CTL 12SOCTL
<CNTEO> <TXEO,CLKEO>
6-bit 12SWS 12S0WS
Counter Control L]
12S0C
<CKO07:00> T T T
12S0C 12S0CTL
<WSO05:00> <TXEO>
Clock Generator
AR
) ) INTI2S0
3
ﬁ g 01----31|01----231 ;\DataSeIector
S 32bit
i Ry 64-byte FIFOO | 64-byte FIFO1 /| nterrupt ———{]12S0D0
T « (2 bytesx32) | (2 bytesx32) Control
g
FIFO Control
[
- - - 12SO0CTL
|Wr|te Pomter”Read P0|nter|
<DTFMTO01:00

DIRO, BITO, WLVLO>

L—> Request Signal Output to ADC
(Supported in channel 0 only)

Figure 3.18.1 I°S Block Diagram
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3.18.2 SFRs

The I2S unit is provided with the following registers. These registers are connected to the
CPU via a 32-bit data bus. The transmission buffers I2SOBUF must be accessed using
4-byte load instructions.

1°S0 Control Register

7 6 5 4 3 2 1 0
12SOCTL  |bit Symbol TXEO *CNTEO DIRO BITO DTFMTO1 [ DTFMTO0 | SYSCKEO
(1808H) Read/Write R/IW R/W

Reset State 0 0 0 0 0 | 0 0
Function Transmission [Counter Transmission|Bit length  |Output format System
0:Stop |control startbit  [0:8bits  [00: 1S 10: Right clock
1: Start 0: Clear 0:MSB 1: 16 bits  |01: Left 11: Reserved |O: Disable
1: Start 1:.LSB 1: Enable
15 14 13 12 11 10 9 8
(1809H) bit Symbol CLKSO FSELO TEMPO WLVLO EDGEO CLKEQO
Read/Write R/W R/W R R/W
Reset State 0 0 1 0 0 0
Function Source Stereo Transmission |WS level |Data output [Clock
clock /monaural [FIFO state |O: Low left [clock edge |operation
0: fsys 0: Stereo  |0: Data 1: High left |0: Falling  |(after
1: fpLL 1: Monaural|1: No data 1: Rising transmis-
sion)
0: Enable
1: Disable
I°S0 Divider Value Setting Register
7 6 5 4 3 2 1 0
12s0C bit Symbol CKO7 CKO06 CKO05 CK04 CKO03 CK02 CKo1 CKO00
(180AH) Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Divider value for CK signal (8-bit counter)
15 14 13 12 11 10 9 8
(180BH) Bit symbol WS05 WS04 WS03 WS02 WS01 WS00
Read/Write R/W
Reset State o | o | o | o | o | o
Function Divider value for WS signal (6-bit counter)

1°S0 Buffer Register
15|14 |13|2|lulw|o|s|7]6|s|a|3|]2]1]o0

12S0BUF bit Symbol | Bo1s | Bo14 | Bo13 | Bo12 | Bo11 | Bo10 | B009 | B0os | B0O7 | Boo6 | B0OS | BoO4 | BOO3 | B0O2 | B0O1 | BOOO

(1800H) Read/Write W
Reset State Undefined

A read- Function Transmission buffer register (FIFO)

mgdify- 31 |1 30 | 29 | 28 |27 | 26 | 25 |24 | 23| 22 | 21 |20 | 19 | 18 | 17 | 16

\c,Jvrr)Z?ation bit Symbol B031 | Bo30 | B09 | B028 | B027 | B026 | B025 | B024 | B023 | B022 | Bo21 | BO20 | BO19 | B018 | BO17 | BO16

cannot be Read/Write W

performed | Reset State Undefined

Function Transmission buffer register (FIFO)

Figure 3.18.2 1°S Channel 0 Control Registers
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(a)

(b)

()

(@

(e)

®

(@)

<SYSCKEO0>

This bit controls to connect source clock to I2S circuit.

In case of this circuit is operated, it must enable: <SYSCKEO>= “1”. And except
operating, for reduce the power consumption, we recommends to disable: <SYSCKEO>=
4‘07’.

<DTFMT01:00>
This bit controls data format: I2S, right justify and left justify.

It is not possible to change data format during data transmission. Before changing
the data format, set <SYSCKEQ0>= “1”, <CNTE0>=“0" and <TXE0>= “0”.

<BITO>
This bit controls data length: 8/16 bits.

It is not possible to change data length during data transmission. Before changing
the data format, set <SYSCKEO>= “1”, <CNTE0>= “0” and <TXE0>= “0”.

<DIRO>
This bit controls direction: LSB_Fast or MSB_Fast

It is not possible to change data direction during data transmission. Before changing
the data format, set <SYSCKEO0>= “1”, <CNTE0>="“0" and <TXE0>=“0".

<CNTEO>
This bit controls clock generator counter: Clear/Start.
When this circuit is used, always set to the start condition.

Clock generator counter will clear by <TXE0>=“0" and <CNTE0>="0", However,
Clock generator counter will not clear by <TXE0>=“0" and <CNTE0>=“1"

<TXEO>

This bit controls data transmission and FIFO buffer clear: Trans/Stop and Clear
Transmission is stopped by <TXE0>=“0", started by <TXE0>="1",

Output FIFO buffer is cleared by <TXE0>=“0".

<CLKEO>
This bit controls CLK out period.

<CLKEO0>=“0": always out I2SOCKO clock, <CLKE0>=“1": I2SOCKO clock out
during effective data out period.

Note: In case of I°S format, firstly 12SOWS signal change and after 1clock period, effective data out. If set to

<CLKEO>=“1" with I°S format, 1 clock pulse after 2SOWS don't out. It is not possible <CLKE0>=“0" setting with

IS format.
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<EDGEO0>
This bit controls relation of phase between I2SO0CKO and data.

<EDGEO0>=“0": the data is changed in the falling of clock, and the data is latched in
the rising edge of clock.

<EDGEO0>=“1": the data is changed in the rising of clock, and the data is latched the
falling edge of clock.

It is not possible to change phase during data transmission. Before changing the
data format, set <SYSCKE0>=“1", <CNTE0>=“0" and <TXE0>=“0".

<WLVLO>
This bit controls phase of Word Select signal: I2SOWS

I2SOWS signal always out “1” level first. The order of data output changes by
<WLVLO0>. Refer the “FIFO buffer and data format” in details.

It is not possible to change phase of Word Select signal during data transmission.
Before changing the data format, set <SYSCKEO>= “1”, <CNTEO>= “0” and
<TXE0>=“0".

<TEMPO>
This bit is empty flag of output FIFO buffer.
<TEMPO0>=“1": FIFO buffer is empty, <TEMP0>=“0": remain data in FIFO buffer.
This bit is read only. FIFO buffer is cleared by <TXE0>=“0"

<FSELO>
This bit controls sound mode: Stereo / Monaural

<FSELO0>=“0": Stereo, <FSEL0>=“1": Monaural. Refer the chapter of “Data format”
in details.

It is not possible to change sound mode during data transmission. Before changing
the data format, set <SYSCKE0>=“1", <CNTE0>="“0" and <TXE0>=“0".

<CLKS0>
This bit controls source clock to I2S circuit: fsys / fPLL.
<CLKS0>=“0": fsys is supplied, <CLKS0>=“1": fp1, is supplied.

In case of using fprL, before set fprL clock, please take care set-up time: Lock-Up
time. In details, refer the chapter of PLL, please.

(m) <CK07:00>

(n)

These bits are set counter value of clock generator. [I2S0CK]

It is not possible to change these counter value during data transmission. Before
changing the counter value, set <SYSCKE0>=“1", <CNTE0>=“0" and <TXE0>=“0".

<WS05:00>
These bits are set counter value of clock generator. [I2S0WS]

It is not possible to change these counter value during data transmission. Before
changing the counter value, set <SYSCKE0>=“1", <CNTE0>=“0" and <TXE0>=“0".
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3.18.3 Description of Operation

(1) Settings the transfer clock generator and Word Select signal
In the I2S unit, the clock frequencies for the I2S0CKO and I2SOWS signals are
generated using the system clock (fsys) as a source clock. The system clock is divided by
a prescaler and a dedicated clock generator to set the transfer clock and sampling
frequency.
The counters are started by setting I2SOCTL<CNTEO> to “1” and are stopped and
cleared by setting <CNTEO> to “0”.

A) Clock generator
e  8-bit counter

This is an 8-bit counter that generates the I2SOCKO signal by dividing the
clock selected by 12S0CTL<CLKSO0>.

° 6-bit counter

This is a 6-bit counter that generates the I2SOWS signal by dividing the
I12SO0CKO signal.

B) Word Select
e Word Select signal (I2S0WS)

The I2S0WS signal is used to distinguish the position of valid data and
whether left data or right data is being transmitted in the I2S format. This
signal is clocked out in synchronization with the data transfer clock. In only
channel 0, this signal can be used as an AD conversion trigger signal for the
ADC. How valid data is to be output in relation to the WS signal can be
specified as I2S format, left-justified, or right-justified. In only channel 0, an
interrupt request can be output to the ADC on the rising edge of the WS signal.
(This is controlled by the ADC’s control register.)

(2) Data format

This circuit support I2S format, left justify and right justify format by setting
I12SOCTL<DTFMTO01:00> register. And support stereo and monaural both, controlled
by I2SOCTL<FSELO> register.
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AN
/- ~N

Right Data Left Data

12S0WS 4

I’S format
12S0DO
Stereo

Monaural

Left justify
12S0DO
Stereo

Monaural

Right justify
12S0DO
Stereo

Monaural

] 1
1 1
N ———— = = | = ———————— = —-> !
1 1 1
XLSBXMSBYX X LSB 1 XMSBX - ~_XLsB T XMSBX
| N \ l\ ) | |
| | | [ | \
1 1 Y 1 1 Y 1 1
| | Valid data | | valid Dat ! !
| jm==—-z-- L el e N lindaing
XLSBX MSBX X LsB | | : XMSBX
| | | | | |
] ] ] 1 ] ]
] 1 ] 1 1 ]
! ! Valid Data | | | |
[} 1 I ! 1 [}
R S > R - -
1 1 1 |
MSB X . MSB ' |
. LSB X LSB XMSBX
I [ I 1 1
K | J I\ | / 1 |
| Y | i A ! !
| | Valid Data | | : !
1 1 1 1 . | |
R S - ! ! Valid Data bede
'kmss ....... X LSBj i | ?(MSE%IX
| | | | |
] 1 ! ! I 1
| LY | | | |
! ' Valid Data : | | I
] 1 1 ! 1 ]
| | - i | - ————— === ! !
i i LSB X MSBX X LSB, i X MsBX X LSB. :
. \ S v g
| | _ | | | |
| | Valid Data | | Valid Data ' '
\ | = = = = = === I | | 1
1 1 1 1 "
! ! LSB X MSBX X LSB! ! . .
o o !
| | | [ | \
1 1 1 1 | \
| ; Valid Data ' ' ! !

Note:

When Monaural is set, Right data and Left data output the same-signal. When Stereo is set, the data of FIFO

buffer is renewed every one-word. However, when Monaural is set, it is renewed to the next data after the

same-data is transmitted two times.

When Monaural is set, it output the same-data to Right and Left, without the same-data written to the FIFO

buffer.

The Monaural function of TMP92CZ26A/CF26A and TMP92CF30 is different.
The Monaural function of TMP92CZ26A/CF26A is one of channels only.

Figure3.18.3 Output Format
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(3) Setting example for the clock generator (8-bit counter/6-bit counter)

The clock generator generates the reference clock for setting the data transfer speed
and sampling frequency.

7 6 5 4 3 2 1 0
12S0C bit Symbol CKO07 CKO06 CKO05 CK04 CKO03 CK02 CKO01 CKO00
(180AH) |rRead/Write R/W

Reset State o | o | o | o | o | o | o | o
Function Divider value for CK signal (8-bit counter)
15 14 13 12 11 10 9 8
Bit symbol WS05 WS04 WS03 WS02 WS01 WSO00
(180BH) |Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0
Function Divider value for WS signal (6-bit counter)

e Setting the transfer clock I2S0CKO

The transfer clock is generated by dividing the clock selected by I2SOCTL
<CLKSO0>. An 8-bit counter is provided to divide the source clock by 3 to 256. (The
divider value cannot be set to 1 or 2.)

The transfer clock must not exceed 10 MHz. Make sure that the transfer clock is
set to within 10 MHz by an appropriate combination of source clock frequency and
divider value.

8-bit counter set value Divider value
00000000 256
00000001 1
11111111 255
When fsys = 60 MHz and 12S0C<CKO07:00> = 150, the data transfer speed is set as
follows:

I12S0CKO = fsys/150
=60 [MHz]/150 = 400 [kbps]

Note: It is recommended that the value to be set in I2SOC<CKO07:00> be an even number. Although it is possible to set
an odd number, the clock duty of the CK signal does not become 50%. Setting an odd number causes the High
width of the 12SOCKO signal to become longer by one fsys or fp.. pulse than the Low width. (When <EDGEO> =
0, the Low width becomes longer than the High width.)
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e Setting the sampling frequency WS

The sampling frequency is set by dividing the transfer clock (CK) described
above. A 6-bit counter is provided to divide the transfer clock by 16 to 64. (The
divider value cannot be set to 1 to 15.)

6-bit counter set value Divider value
000000 64
000001 1
111111 63

When fsys = 60 MHz, I2S0C<CKO07:00> = 150, and I12SnC<WS05:00> = 50, the sampling
frequency is set as follows:

I12SO0CKO = fsys/ 150/ 50
=60 [MHz] / 150/ 50 = 8 [kHz]

Based on the above, the transfer clock is set to 400 kbps, and the sampling frequency is
set to 8 kHz in this example.

Note 1: The value to be set in 12S0C<WS05:00> must be 16 or larger (18 or larger for I’s transfer) when the data
length is 8 bits and 32 or larger (34 or larger for I°S transfer) when the data length is 16 bits.

Note 2: It is recommended that the value to be set in I2S0C<WS05:00> be an even number. Although it is possible to
set an odd number, the clock duty of the WS signal does not become 50%. Setting an odd number causes the

High width of the WS signal to become longer by one 12S0CKO pulse than the Low width.

e Special function

As a special function available only in channel 0, the rising edge of the WS
signal can be used as an AD conversion start trigger for the AD converter in this
LSI. Setting 12SOCTL<SYSKE0>=1 and I2SOCTL<CNTEO0>=1 enables the WS
signal to be sent to the AD converter. This can be done regardless of the setting of
I12SOCTL<TXEO>.

For details about AD conversion using the WS signal, refer to the chapter on the
AD converter.
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(4) FIFO buffer and data format

The I2S unit is provided with a 128-byte FIFO buffer (32-bit wide x 32-entry). The
data written to the 4 bytes (32 bits) of the I2SOBUF register is written to this FIFO
buffer. This FIFO must be written in units of 4 bytes. It is also necessary to consider

the output order and to distinguish between right data and left data.

To write data to the I2SOBUF register, be sure to use a 4-byte load instruction. If a

1-byte load instruction is used, invalid data will be transmitted. In case of using 1-byte

or 2-byte transmission instruction, FIFO buffer isn't renewed and transmission isn't

started.

And window addresses are 1800H (channel 0) and 1810H (channell).

Write Data Size Example instruction 8-bit width 16-bit width
1-byte access Id (0x1800),a Not allowed Not allowed
2-byte access Id (0x1800),wa Not allowed Not allowed
4-byte access Id (0x1800),xwa OK OK

Also note that data must be written in units of 64 bytes using the following

sequence:

4-byte load instruction X 16 times = 64-byte data write

If data is not written in units of 64 bytes, interrupts cannot be generated at the

normal timing.

The I2SOCTL<TEMPO> flag is set to “1” when the FIFO buffer for each channel
contains no valid data. If there is even one byte of valid data in the FIFO, the flag is
cleared to “0”. (The <TEMPO> flag is set to “1” as soon as the last valid data in the
FIFO is sent to the transmission shift register.)
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The following shows how written data is output under various conditions.

When I12S0CTL<WLVLO0> = “0”

12SOBUF register
Output order 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MSB-first 16 bits 2'nd Data

LSB-first 16 bits 2'nd Data
MSB-first 8 bits 4'th Data 3'rd Data
LSB-first 8 bits 4'th Data 3'rd Data

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MSB-first 16 bits 1'st Data

LSB-first 16 bits Vst Data
MSB-first 8 bits 2'nd Data 1'st Data

LSB-first 8 bits 2'nd Data 1'st Data

When I2S0CTL<WLVLO0> = “1”

12S0BUF register
Output order 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MSB-first 16 bits 1'st Data

LSB-first 16 bits 1'st Data
MSB-first 8 bits 3'rd Data 4'th Data
LSB-first 8 bits < 3'rd Data 4'th Data

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MSB-first 16 bits 2'nd Data

LSB-first 16 bits 2'nd Data
MSB-first 8 bits 1'st Data 2'nd Data

LSB-first 8 bits 1'st Data 2'nd Data

Note: In case of using monaural setting, and change right / left: 12SOCTL<WLVLO0>, data output order change off 1'st
data and 2'nd data. when Monaural is set, it is renewed to the next data after the same-data is transmitted two

times.
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3.18.4 Detailed Description of Operation

(1) Connection example

Figure3.18.4 shows an example of connections between the TMP92CF30 and an
external LSI (DA converter) using channel 0.

TMP92CF30
(Transmit) (Receive)
PF2/I12S0WS WS
PFO/12SCK CK
PF1/12SDQO DATA

Example: DA converter

Note: After reset, PFO to PF2 are placed in a high-impedance state. Connect each pin with a pull-up or pull-down

resistor as necessary.

Figure3.18.4 Connection Example between the TMP92CF30 and an External LSI

(2) Operation procedure

The I2S unit incorporates a 128-byte FIFO buffer that is divided into two 64-byte
units. Whenever each 64-byte buffer space becomes empty, an INTI2S0 interrupt is
generated. The next data to be transmitted should be written to the FIFO in the
Interrupt routine.

Example settings and timing diagram are shown below.

(Example settings) 12SOWS = 8kHz, 12SOCKO = 400kHz, data transmission on the rising edge (at fsys = 60 MHz)

(Main routine)

7 6 5 4 3 2 1
INTEI2S01 X - 0 0 1 Set interrupt level.
PFCR X X - — - — - _ Set pins: PFO (12S0CKO), PF1 (12S0DO), PF2 (12S0WS)
PFFC X - — - 1 1 1
12S0C 1 0 01 0 1 1 0O Divider value N=150
X X 1 1 0 0 1 O Divider value K=50
I2SOCTL 0 0 X 01 0 0 1 Set transmit mode (I12S mode, MSB-first, 16-bit).
0 X X X X 0 0 o0 Falling edge, WS=0 Left, clock stop.
12S0BUF Kook Kk kK k% Write left and right data to FIFO (4 bytes x 32 = 128 bytes).
* * * * * * * *
* * * * * * *
* * * * * * * *
12SO0CTL 1 1 X 0 1 0 0 1 Start transmission.

(INTI2S Interrupt Routine)
12S0BUF o A Write left and right data to FIFO (4 bytes x 16 = 64 bytes).

X: Don't care, —; No change
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FIFO write I-l |-|
A
<TXE> I ,

1 2 3 ----------- h 31 32 33 -
12SOWS pin | | |'_' ...... '_| ........ _| ............... |_/ ....... _\_ ...... |‘
I2SO0CKO pin |||||||||||| /
12S0DO pin RS el R E | (

INTI2SO [
Overall Timing Diagram
12SOWS pin | 400kHz | ....... |
>
I2SOCKOpin|||||||| ....... Illlllllllll ....... Illlllllllll
12S0DO piri LSBXMSBX ....... XTsB XMSBX ....... X LSB 4XMSBX
Bitl5 Bit14 Bit0 Bit0 Bit15

Detailed Timing Diagram

Figure3.18.5 Timing Diagrams (IZS FMT/Stereo/16bit/MSB first)
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(3) Considerations for using the 12S unit
1) INTI2S0 generation timing
Every 4bytes data trance from FIFO buffer to shift register per one time.

An INTI2SO0 interrupt is generated under two conditions. One is when there are
64 bytes of empty space in the FIFO (after 61- 64th byte has been transferred to
the shift register). The other is when the FIFO becomes completely empty (after
125-128th byte has been transferred to the shift register). Therefore, INTI2S0
indicates that there are 64 bytes or 128 bytes of empty space in the FIFO,
enabling the next data to be written.

The FIFO must be written in units of 64 bytes. Since the FIFO can contain 128
bytes of data, I2S output can be performed continuously as long as there are 64
bytes of data in the FIFO. It is also possible to check the FIFO state by using the
I12SOCTL<TEMPO> flag.

2) 12SO0CTL<TXEO>

Transmission is started by setting I2SOCTL <TXEO0> to “1”. Once <TXE0> is set
to “1”, transmission is continued automatically as long as the FIFO contains the
data to be transmitted. While <TXEO0> is set to “1” (transmission in progress), the
other bits in the I2SOCTL register must not be changed.

To stop transmission, make sure that the FIFO is empty by checking the
I12SOCTL<TEMPO> flag. Then, after waiting for two periods of the I2SOWS signal
(after all the data has been transmitted), set <TXEO0> to “0”. In case monaural
setting, make sure that the FIFO is empty by checking the I2SOCTL<TEMPO0>
flag. Then, after waiting for four periods of the I2SWS signal (after all the data
has been transmitted), set <TXE0> to “0”.

If <TXEO> is set to “0” while data is being transmitted, the transmission is
stopped immediately. At the same time, the read and write pointers of the FIFO,
the data in the output shift register and the clock generator are all cleared.
(However, when I12S0CTL<CNTEO0>=1, the clock generator is not cleared. To clear
the clock generator, I2SOCTL<CNTEO> must be set to “0”). Therefore, if
transmission is stopped and then resumed, no data will be output.

The WS signal stops at Low level and the CK signal stops at Low level when the
rising edge is selected and at High level when the falling edge is selected.

3) I12SOCTL<CNTEO>

I2SOCTL<CNTEO> is used to control the clock generator (8-bit counter, 6-bit
counter) for generating the I2S0CKO and 12SO0WS signals.

Setting I2SOCTL<CNTEO> to “1” starts the counters, and setting this bit to “0”
stops the counters. Normally, I2S data transmission is executed by setting both
I12SOCTL<TXEO0> and <CNTEO> to “1”. When transmission is stopped by setting
I2SOCTL<TXEO> to “0” with I2SOCTL<CNTEO0>= “1”, the clock generator is not
cleared. To clear the clock generator, I2SOCTL<CNTEO> must be set to “0”.
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4) FIFO buffer

The I2S unit is provided with a 128-byte FIFO. Although it is not necessary to
use all 128 bytes in the FIFO, data should basically be written in units of 64 bytes
using an INTI2SO0 interrupt as a trigger. If data is written to the FIFO without
waiting for an INTI2S0 interrupt or in units other than 64 bytes, interrupts
cannot be generated properly.

If the last set of data, for which an interrupt is not needed, contains less than 64
bytes, set [2SOCTL<TXEO> to “0” to stop the transmission after writing the data,
then checking that the <TEMPO> flag is set to “1”, and waiting for two I2SOWS
periods (i.e., after all the data has been transmitted). In case monaural setting,
make sure that the FIFO is empty by checking the I2SOCTL<TEMPO> flag. Then,
after waiting for four periods of the I2SOWS signal (after all the data has been
transmitted), set <TXEO> to “0”.

5) 12S0BUF

When writing data to the I2SOBUF register, be sure to use long-word data load
instructions. Word data load or byte data load instructions cannot be used.

Examples)
1d (I2S0BUF), xwa; OK
1d (I2S0BUF), wa; NG
1d (I2S0BUF),a; NG

6) Share with HALT instruction

I2S circuit is not operated at IDLE1/STOP modes. Therefore, maybe PLL clock
that operate at IDLE1 mode affects to this circuits. If mode is shifted to HALT
mode, set it after I2S circuit is stopped.

When the CPU is shifted to the HALT mode after transmission is stopped, the
time to stop completely is necessary before execution of HALT instruction.

It’s time is NOPx10.
Example: 1d (I2S0CTL), 0x00 ; Stop transmission
NOPx10
HALT
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3.19 Touch Screen Interface (TSI)

An interface for 4-terminal resistor network touch-screen is built in.
The TSI easily supports two procedures: touch detection and X/Y position measurement.

Each procedure is performed by setting the TSI control register (TSICRO and TSICR1) and
using an internal AD converter.

3.19.1 Touch-Screen Interface Module Internal/External Connection

TMP92CF30
Y.
MY
X+ Touch X- MX
Screen
PY
| PX
Y+ |
External Capacitors = de o o
ITTT
Figure 3.19.1External connection of TSI
_ Touch screen control ™M
avec [
o<} — PXEN
avss [T SPY SPX °<} Dec.[] PYEN
’—‘ ‘E'|— — MXEN INT4 —
po7 [1 — MYEN PTST |«
(PY)
INT4 ¢
poeiNT4 [] * TSI7 o
) ! PXD (typ.50kQ :E:E
¢ (typ. ) AD converter o
PG3/AN3 D L s
MY g
(MY) AN3 =
PG2/AN2 EI ‘— AN2
(M) AVCC
SMX SMY
VREFH D—‘ . , AVSS
VREFH
VREFL D VREFL
Y/

Figure 3.19.2 Internal block diagram of TSI
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3.19.2 Touch Screen Interface (TSI) Control Register
TSI control register
7 6 5 4 3 2 1 0
TSICRO |bit Symbol TSI7 INGE PTST TWIEN PYEN PXEN MYEN MXEN
(01FOH) | Read/Write RIW R RIW
Reset State 0 0 0 0 0 0 0 0
Function 0: Disable |Input gate [Detection INT4 SPY SPX SMY
1: Enable [control of [condition interrupt 0: OFF 0: OFF 0: OFF 0: OFF
Port 96,97 |0: no touch [ control 1:0N 1:0N 1:0ON 1:0N
0: Enable |1:touch 0: Disable
1: Disable 1: Enable
PXD (internal pull-down resistor) ON/OFF setting
PXEN>
0 1
<TSI7>
0 OFF OFF
1 ON OFF
Debounce time setting register
7 6 5 4 3 2 1
TSICR1 |bit Symbol DBC7 DB1024 DB256 DB64 DB8 DB4 DB2 DB1
(01F1H) | Read/Write RIW
Reset State 0 0 0 0 0 0 0
Function 0: Disable 1024 256 64 8 4 2
1: Enable Debounce time is set by the formula “(N*64-16) / fsys”.
“N” is the number of bits between bit6 and bit0 which are set to “1”. Note3:

Notel: Since the CPU clock is used for the debounce circuit, the debounce circuit does not operate and also no

the point when this circuit is set to disable.

interrupts that bypass the debounce circuit are generated during IDLEland STOP mode. During IDLE1 or
STOP mode, set this circuit to disable (Write “0” in TSICR1<DBC7>) before entering the HALT state. If

debounce time is set to “0”, the signal is captured into the inside after a count of 6 system clocks (fsys) from

Note2: To avoid a flow-through current to the normal C-MOS input gate when converting analog input data by using

Note3: For example:

TSICR1=95H -»N =64 + 4 + 1 = 69, if set to (TSICR1) = 95H

the AD converter, TSICRO<INGE> can be controlled. If the intermediate voltage is input, cut the input signal to
the C-MOS logic (P96,P97) by setting this bit. TSICRO<PTST> is to confirm the initial pen-touch. Note that,
when the input to the C-MOS logic is blocked by TSICRO<INGE>, this bit is always “1".
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3.19.3

Touch detection procedure

The touch detection procedure includes the procedure starting from when the pen is
touched onto the touch screen and until the pen-touch is detected.

Touching the screen generates the interrupt (INT4) and terminates this procedure. After
an X/Y position measuring procedure is terminated, return to this procedure to wait for the
next touch.

When waiting for a touch with no contact, set only the SPY switch to ON and set all other
three switches (SMY, SPX, SMX) to OFF. At this time, the pull-down resistor built in the
P96/INT4/PX pin is set ON.

In this state, because the internal X- and Y-direction resistors in the touch screen are not
connected, the P96/INT4/PX pin is set to Low by the internal pull-down resistor (PXD),
generating no INT4 interrupt.

When a next pen-touch is given, the X- and Y-direction internal resistors in the touch
screen are connected, which sets the P96/INT4/PX pin to High and generates an INT4
interrupt.

To avoid generating more than one INT4 interrupt by one pen-touch, the debounce circuit
as shown below is provided. Setting debounce time in the TSICR1 register ignores pulses
whose time equals to or is below the set time.

The debounce circuit detects a rising of signal to count up a set debounce counter time
and then captures the signal into the inside after counting. When the signal turns to “L”
during counting, the counter is cleared, starting to wait for a rising edge again.

P96/INT4 pin ——— And select the Rising |—— |NT4

TSICR1 TSICRO<TWIEN>, IIMC<I4EDGE>,

|

Enables INT4,

Debounce circuit

or Falling of INT4

FIF TSICRO
<PTST>

Figure 3.19.3 Block diagram of debounce circuit
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<
//
P96/INT4 pin <
A AT v
Lo-db-de-—-e '
1
| l} ]
Reset the debounce time counter ' '
] ]
1 ]
Start the debounce time counter '
1
]
1
.
] .
Debounce time  Debounce time ! Debounce time
' —
1
]
[ ] « L« [ ]
A /7 /7 -7
1 1
1 1
1
]

]
The debounce time counter matches with a
After the pen is released, an INT4 interrupt can

be received again.

specified debounce time, which generates an
INT4 interrupt.

B e

No INT4 interrupt is gen'erated due to edge interrupt even though
the debounce time counter matches a specified debounce time.

Figure 3.19.4 Timing diagram of debounce circuit
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3.19.4 X/Y position measuring procedure

During the routine of pen-touch and INT4 interrupt generation, execute a pen position

measuring following the procedure below:

<X position coordinate measurement>
Make the SPX and SMX switches ON, and the SPY and SMY switches OFF.
With this setting, an analog-voltage that shows the X position will be input to the
PG3/MY/ANS pin.
The X-position coordinate can be measured by converting this voltage to digital code

using the AD converter.

<Y position coordinate measurement>
Make the SPY and SMY-switches ON, and the SPX and SMX switches OFF.
With this setting, an analog voltage that shows the Y position will be input to the
PG2/MX/AN2 pin.
The Y position can be measured by converting this voltage to digital code using the

AD converter.

The above analog voltage which is input to AN3 and AN2 pins during the X and Y
position measurement above can be determined with the ratio between the ON resistance
value of the switch in the TMP92CF30 and the resistance value in the touch screen as
shown in Figure 3.19.5.

Therefore, even when touching an end area on the touch screen, the analog input voltage
will be neither 3.3V nor 0.0V.

Note that the rate of each resistance varies. Remember to take this into consideration
during designing. It is also recommended that an average taken from several AD
conversions performed if required be adopted as the final correct value.

[Analog input voltage to theAN2 and AN3 pins: Formula to calculate E1]

SPY (SPX) qavcC=3.3V

ON-resistor: Rpy (Rpx) E1 = ((R2+Rmy) / (Rpy+Rty+Rmy)) x AVCC [V]
typ.10Q2
"""""" FO Ex.) Where AVCC=3.3V, Rpy=Rmy=10Q, R1=400Q and R2=100Q
) R1 E1 = ((100+10) / (10+400+100+10) x 3.3
Touch screen resistor : Rty (Rtx):
] ' =0.698V

The resistance depends on ,

v

the touch screen \ AN2 (ANS3)-pin Notel: An X-coordinate position can be calculated in the same way

R;Z though above formula is for Y-coordinate position.
"""""""" Touch-point Note2: Rty = R1+R2.
SMY (SMX)
ON-resistor: Rmy (Rmx)
typ.10Q2

Figure 3.19.5 Calculation analog voltage
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3.19.5 Flow chart for TSI

(1) Touch Detection Procedure (2) X/Y Position
Measuring Procedure

Main Routine:
a outine INT4 Routine:

Fmmmmmmmmm e —

:TSICRO<—98H 1
ITSICR1«XXH (voluntary)

<X position measurement>
*TSICRO«C5H (b)
-AN3 AD conversion

Execute the Main Routine - Store the AD conversion result

|

<Y position measurement>
*TSICRO«CAH (C)
-AN2 AD conversion

- Store the AD conversion result

|

Execute the processes by using
X/Y-coordinate position
information

Yes l

Still touched?
TSICRO<PTST> =17

Return to the Main Routine

Figure 3.19.6 Flow chart for TSI

The following pages explain each circuit condition (a), (b) and (c) in the flow chart above:
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(a) Main routine (condition of waiting INT4 interrupt)

(p9fc)<P96F>, <P97F>= “1"

(inte34)
(tsicr0)=98h
ei

AVCC

v ]

Touch
Screen

W W

VREFH
VREFL
AVSS

TMP92CF30

Set P96 to int4/PX, set P97 to PY
Set interrupt level of INT4

Pull-down resistor on, SPY on, Interrupt-set<TWIEN>
Enable interrupt

Touch screen control

PXEN

SPX Dec. PYEN

AR

MXEN

PTST [+

MYEN

INT4

TSI7

AD Converter

Internal data bus

AN3

AN2

SMY AVCC

AVSS

VREFH

VREFL
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(b) INT4 routine: X-position coordinate measurement (AD conversion start)

Set SMX, SPX to ON. Set the input gate of P97, P96 to OFF.

e

Touch
Screen

(tsicr0)=c5h
(admod1)=b0Oh
(admod0)=08h

Set to AN3.
Start AD conversion.

TMP92CF30

Touch screen control
LN < — PXEN
SPY S osPx < Dec. | PYEN
, ‘E‘|—" — MXEN
(PY/IP97)
— MYEN PTST[ >
INT4
(PX/P96/INT4) @
TSI7 3
| <
PXD (typ.50kQ s
(MYIPG3) (typ- 50K AD Converter °
c
| 5
AN3 £
(MX/PG2)
ot AN2
s ’ _
: AVCC g
v | SMX¢ SMY
L G ° AVSS
ON
VREFH VREFH
VREFL VREFL
AVSS
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(¢) INT4 routine: Y-position coordinate measurement (AD conversion start)

(tsicr0)=cah

(admod1)=alh
(admod0)=08h

Touch

Wy

W

8

AVCC

X+

Set SMX, SPX to ON. Set the input gate of P97, P96 to OFF.
Set to AN2.
Start AD conversion.

TMP92CF30

(PYIP97)

SPX

(PX/P96/INT4)

(MY/PG3)

—_—
PXD (typ.50kQ)

AR

Dec.

Touch screen control

PXEN
PYEN
MXEN

MYEN PTST |+

INT4

(MX/PG2)

VREFH

VREFL

AVSS

L
L

TSI7

AD Converter

AN3

AN2

AVCC

AVSS

VREFH

VREFL

Internal data bus
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3.19.6 Use Cautions

1. Debounce circuit

The CPU system clock is used in debounce circuit. Therefore, when no clock is
supplied to the CPU (during IDLE1 and STOP modes), the debounce circuit does
not operate. Because of this, interrupts bypassing the debounce circuit are not
generated either.

When using a startup that uses the TSI starting from the state during IDLE1
and STOP modes, set the debounce circuit to disable before entering the HALT
state. (TSICR1<DBC7>= “0")

2. Port setting

When an intermediate voltage of 0 V to AVcce is converted using the AD converter,
the intermediate voltage is also applied to the normal C-MOS input gates (P96 and
P97) due to the circuit structure.

Take measures against the flow-through current to Port 96 and 97 by using
TSICRO<INGE>. At this time (TSICRO<INGE>= “1”). Note that blocking the input
to the C-MOS logics sets “1” at all times in TSICRO<PTST> that confirms a first
pen-touch.
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3.20 Real time clock (RTC)

3.20.1 Function description for RTC

1) Clock function (hour, minute, second)

2) Calendar function (month and day, day of the week, and leap year)
3) 24 or 12-hour (AM/PM) clock function

4) +/- 30 second adjustment function (by software)

5) Alarm function (Alarm output)

6) Alarm interrupt generate

3.20.2 Block diagram

16 Hz Clock
32kHz — Divider

Clock | 1 Hz Clock

Alarm Register
F T 7 | S o
Carry hold Comparator H — Selector —> INTRTC

(1s) {? ALARM
Clock

Address <
Bus |

nternal data bus

Adjust R/W Control

1 ¢ 1
RD WR DO~D7 Address

Figure 3.20.1 RTC block diagram

Note 1: Western calendar year column:
This product uses only the final two digits of the year. Therefore, the year following 99 is 00 years. In use,
please take into account the first two digits when handling years in the western calendar.

Note 2: Leap year:
A leap year is divisible by 4, but the exception is any leap year which is divisible by 100; this is not considered
a leap year. However, any year which is divisible by 400, is a leap year. This product does not take into
account the above exceptions . Since this product accounts only for leap years divisible by 4, please adjust the
system for any problems.
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3.20.3 Control registers

Table 3.20.1 PAGE 0 (Clock function) registers

Symbol |Address| Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Function Read/Write]
SECR | 1320H 40sec | 20sec | 10 sec 8sec | 4sec | 2sec | 1sec Second column RIW
MINR | 1321H 40min | 20 min | 10 min 8min | 4min | 2min [ 1min Minute column RIW

HOURR |1322H 20 hours/ RIW

10 hours 8 hours | 4hours | 2hours | 1hour Hour column
PM/AM
DAYR | 1323H w2 w1 WO |Day of the week column| R/W
DATER | 1324H Day20 | Day10 | Day8 | Day4 | Day2 | Day1 Day column RIW
MONTHR | 1325H Oct. Aug. Apr. Feb. Jan. Month column R/W
YEARR | 1326H Year column R/W
Year 80| Year40 | Year20 | Year10 | Year8 | Year4 | Year2 | Yearl
(Lower two columns)

PAGER | 1327H (Interrupt Adjustment| Clock | Alarm PAGE PAGE register W, RIW

enable function | enable | enable setting

RESTR |[1328H( 1Hz 16Hz Clock Alarm ) ) W only

Always write “0” Reset register
enable | enable reset reset

Note: When reading SECR, MINR, HOURR, DAYR, DATER, MONTHR, YEARR of PAGEQ, the current state is read.

Table 3.20.2 PAGEL1 (Alarm function) registers

Symbol |Address| Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Function Read/Write]
SECR | 1320H R/W
MINR | 1321H 40 min | 20 min | 10 min 8 min 4 min 2min [ 1 min Minute column R/IW

HOURR |1322H 20 hours/ RIW

10 hours 8 hours 4 hours | 2 hours 1 hour Hour column
PM/AM
DAYR |1323H W2 w1 WO  |Day of the week column|  R/W
DATER | 1324H Day20 | Day10 | Day8 | Day4 | Day2 [ Day1 Day column R/W
MONTHR | 1325H 24/12 | 24-hour clock mode R/W

YEARR | 1326H LEAP1 | LEAPO Leap-year mode R/W

PAGER | 1327H (Interrupt Adjustment] Clock | Alarm PAGE PAGE register W, R/W

enable function | enable [ enable setting

RESTR |1328H( 1Hz 16Hz Clock Alarm . . W only

Always write “0” Reset register
enable | enable reset reset

Note: When reading SECR, MINR, HOURR, DAYR, DATER, MONTHR, YEARR of PAGEL, the current state is read.
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3.20.4 Detailed explanation of control register

RTC is not initialized by system reset. Therefore, all registers must be initialized at the

beginning of the program.

(1) Second column register (for PAGEO only)

7 6 5 4 3 2 1 0
SECR Bit symbol SE6 SE5 SE4 SE3 SE2 SE1 SEO
(1320H)  [Read/write R/IW
Reset State Undefined
Function "0" is read. 40 sec. 20 sec. 10 sec. 8 sec. 4 sec. 2 sec. 1 sec.
column column column column column column column
0 0 0 0 0 0 0 0 sec
0 0 0 0 0 0 1 1sec
0 0 0 0 0 1 0 2 sec
0 0 0 0 0 1 1 3 sec
0 0 0 0 1 0 0 4 sec
0 0 0 0 1 0 1 5 sec
0 0 0 0 1 1 0 6 sec
0 0 0 0 1 1 1 7 sec
0 0 0 1 0 0 0 8 sec
0 0 0 1 0 0 1 9 sec
0 0 1 0 0 0 0 10 sec
0 0 1 1 0 0 19 sec
0 1 0 0 0 0 20 sec
0 1 0 0 1 29 sec
0 0 0 0 0 30 sec
1 1 1 0 0 1 39 sec
0 0 0 0 0 0 40 sec
0 1 0 0 1 49 sec
0 0 0 0 0 50 sec
1 0 1 1 0 0 1 59 sec
Note: Do not set data other than as shown above.
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(2) Minute column register (for PAGEO0/1)
7 6 5 4 3 2 1 0
MINR Bit symbol Mi6 MI5 Mi4 MI3 MI2 Mi1 MIO
(1321H)  [Readwrite R/IW
Reset State Undefined
Function "0" is read. 40 min, 20 min, 10 min, 8 min, 4 min, 2 min, 1 min,
column column column column column column column
0 0 0 0 0 0 0 0 min
0 0 0 0 0 0 1 1 min
0 0 0 0 0 1 0 2 min
0 0 0 0 0 1 1 3 min
0 0 0 0 1 0 0 4 min
0 0 0 0 1 0 1 5 min
0 0 0 0 1 1 0 6 min
0 0 0 0 1 1 1 7 min
0 0 0 1 0 0 0 8 min
0 0 0 1 0 0 1 9 min
0 0 1 0 0 0 0 10 min
0 0 1 1 0 0 19 min
0 1 0 0 0 0 20 min
0 1 0 0 1 29 min
0 0 0 0 0 30 min
0 0 0 39 min
1 0 0 40 min
0 0 0 0 49 min
0 1 0 0 50 min
1 0 1 1 0 0 1 59 min
Note: Do not set data other than as shown above.
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(3) Hour column register (for PAGE0/1)
1. In case of 24-hour clock mode MONTHR<MOO0>= “1”)
7 6 5 4 3 2 1 0
HOURR  [Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(1322H)  [Read/write R/W
Reset State Undefined
Function "0" is read. 20 hour 10 hour 8 hour 4 hour 2 hour 1 hour
column column column column column column
0 0 0 o’clock
0 0 0 0 1 1 o’clock
0 0 0 0 1 0 2 o'clock
0 0 0 0 0 8 o’clock
0 0 0 1 9 o’clock
0 1 0 0 0 10 o’clock
1 1 0 0 1 19 o’clock
1 0 0 0 20 o’clock
1 0 0 0 1 1 23 o'clock
Note: Do not set data other than as shown above.
2. In case of 12-hour clock mode MONTHR<MOO0>= “0”)
7 6 5 4 3 2 1 0
HOURR  [Bit symbol HO5 HO4 HO3 HO2 HO1 HOO
(1322H)  [Read/write R/W
Reset State Undefined
Function "0" is read. PM/AM 10 hour 8 hour 4 hour 2 hour 1 hour
column column column column column
0 o’clock
0 0 0 0 0 0 (AM)
0 0 0 0 1 o’clock
0 0 0 0 0 2 o'clock
0 0 1 0 0 1 9 o'clock
0 1 0 0 0 0 10 o’clock
0 1 0 0 0 1 11 o’clock
1 0 0 0 0 0 0 o’clock
(PM)
1 0 0 0 0 1 1 o’clock

Note: Do not set data other than as shown above.
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(4) Day of the week column register (for PAGEO0/1)

7 6 5 4 3 2 1 0
DAYR Bit symbol WE2 WE1 WEO
(1323H) Read/Write R/W
Reset State Undefined
Function "0"is read. W2 w1 wo
0 0 0 Sunday
0 0 1 Monday
0 1 0 Tuesday
0 1 1 Wednesday
1 0 0 Thursday
1 0 1 Friday
1 1 0 Saturday
Note: Do not set data other than as shown
above.
(5) Day column register (PAGE0/1)
7 6 5 4 3 2 1 0
DATER  [Bit symbol DA5 DA4 DA3 DA2 DAl DAO
(1324H) Read/Write R/W
Reset State Undefined
Function "0" is read. Day 20 Day 10 Day 8 Day 4 Day 2 Day 1
0 0 0 0 0 1 1st day
0 0 0 0 1 0 2nd day
0 0 0 0 1 1 3rd day
0 0 0 1 0 0 4th day
0 0 1 0 0 9th day
0 1 0 0 0 0 10th day
0 1 0 0 0 1 11th day
1 0 0 1 19th day
20th day
1 0 1 0 0 1 29th day
1 1 0 0 0 0 30th day
1 1 0 0 0 1 31st day

Notel: Do not set data other than as shown above.

Note2: Do not set for non-existent days (e.g.: 30" Feb)

92CF30-502 2009-06-12



TOSHIBA TMP92CF30
(6) Month column register (for PAGEO only)
7 6 5 4 3 2 1 0
MONTHR [Bit symbol MO4 MO4 MO2 MO1 MO0
(1325H) Read/Write R/W
Reset State Undefined
Function "0" is read. 10 months | 8 months 4 months 2 months 1 month
0 0 0 0 1 January
0 0 0 1 0 February
0 0 0 1 1 March
0 0 1 0 0 April
0 0 1 0 1 May
0 0 1 1 0 June
0 0 1 1 1 July
0 1 0 0 0 August
0 1 0 0 1 September
1 0 0 0 0 October
1 0 0 0 1 November
1 0 0 1 0 December
Note: Do not set data other than as shown above.
(7) Select 24-hour clock or 12-hour clock (for PAGE1 only)
7 6 5 4 3 2 1 0
MONTHR [Bit symbol MO0
(1325H) Read/Write R/W
Reset State Undefined
Function e 1: 24-hour
0" is read.
0: 12-hour
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(8) Year column register (for PAGEO only)
7 6 5 3 2 1 0
YEARR Bit symbol YE7 YE6 YE5 YE4 YE3 YE2 YE1 YEO
(1326H)  [Read/write R/W
Reset State Undefined
Function 80 Years 40 Years 20 Years 10 Years 8 Years 4 Years 2 Years 1 Year
0 0 0 0 0 0 0 0 00 years
0 0 0 0 0 0 0 1 01 years
0 0 0 0 0 0 1 0 02 years
0 0 0 0 0 0 1 1 03 years
0 0 0 0 0 1 0 0 04 years
0 0 0 0 0 1 0 1 05 years
1 | o | o | 1 | 1 | o [ o | 1 | o9years
Note: Do not set data other than as shown above.
(9) Leap-year register (for PAGE1 only)
7 6 5 3 2 1 0
YEARR  |Bit symbol LEAP1 LEAPO
(1326H)  |Read/write R/W
Reset State Undefined
Function 00: leap-year
01: one year after leap-year
"0" is read. y 0y
10: two years after leap-year
11: three years after leap-year
0 [ Current year is a leap-year
1 | Current year is the year
following a leap year
1 0 | Current year is two years after
a leap year
1 1 | Current year is three years
after a leap year
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(10)PAGE register (for PAGE0/1)
7 6 5 4 3 2 1 0
PAGER Bit symbol INTENA ADJUST ENATMR ENAALM PAGE
(1327H)  |readiwrite | RW w RIW RIW
Reset State 0 Undefined Undefined Undefined
A Read- Function Interrupt “0” is read. 0: Don't Clock ALARM “0"is read. | PAGE
modify- write 0: Disable care |0: Disable |0: Disable selection
operation 1: Enable 1: Adjust 1: Enable 1: Enable
cannot be
performed
Note: Please keep the setting order below of <ENATMR>, <ENAAML> and <INTENA>. Set difference time for
Clock/Alarm setting and interrupt setting.
Example: Clock setting/Alarm setting
Id (pager), Och Clock, Alarm enable
Id (pager), 8ch Interrupt enable
Select Page0
PAGE
1 Select Pagel
0 Don't care
Adjust sec. counter.
When this bit is set to “1” the sec. counter
becomes to “0” when the value of the sec.
ADJUST counter is 0-29. When the value of the sec.
1 counter is 30-59, the min. counter is carried and
sec. counter becomes "0". Output Adjust signal
during 1 cycle of fgys. After being adjusted
once, Adjust is released automatically.
(PAGEDOQ only)
(11) Reset register (for PAGE0/1)
7 6 5 4 3 2 1 0
RESTR Bit symbol DIS1HZ DIS16HZ RSTTMR RSTALM - - - -
(1328H)  |pead/write W
A Read- Reset State Undefined
qun‘y- Function 1Hz 16Hz 1:Clock 1:Alarm
write 0: Enable | 0: Enable reset reset
operation ite “0”
cgnnot be 1: Disable [ 1: Disable Always write *0
performed
Unused
RSTALM -
1 Reset alarm register
Unused
RSTTMR
1 Reset Counter
<DIS1HZ> <DIS16HZ> PAGER<ENAALM> | Interrupt source signal
1 1 1 Alarm
0 1 0 1Hz
1 0 0 16Hz
Others Output “0”
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3.20.5 Operational description
(1) Reading clock data
1. Using 1Hz interrupt

1Hz interrupt and the count up of internal data synchronize. Therefore, data
can read correctly if reading data after 1Hz interrupt occurred.

2. Using two times reading

There is a possibility of incorrect clock data reading when the internal counter
carries over. To ensure correct data reading, please read twice, as follows:

C s D

PAGER<PAGE>="0",
Select PAGEO

Read the clock data
(1st)

Read the clock data

(2nd)
NO
1st data = 2nd data
YES

( END >

Figure 3.20.2 Flowchart of clock data read
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(2) Writing clock data

When a carry over occurs during a write operation, the data cannot be written
correctly. Please use the following method to ensure data is written correctly.

1. Using 1Hz interrupt

1Hz interrupt and the count up of internal data synchronize. Therefore, data
can write correctly if writing data after 1Hz interrupt occurred.

2. Resets counter

There are 15-stage counter inside the RTC, which generate a 1Hz clock from
32,768 kHz. The data is written after reset this counter.

However, if clearing the counter, it is counted up only first writing at half of the
setting time, first writing only. Therefore, if setting the clock counter correctly,
after clearing the counter, set the 1Hz-interrupt to enable. And set the time after
the first interrupt (occurs at 0.5s) is occurred.

C s D

PAGER<PAGE>="0",
Select PAGEO

RESTR<RSTTMR> =*1"
reset counter

RESTR<DIS1HZ> ="“0"
enable 1Hz interrupt

— NO
First interrupts occur
(After 0.5s)

YES

Sets the time

( END >

Figure 3.20.3 Flowchart of clock data read

92CF30-507 2009-06-12



TOSHIBA TMP92CF30

3. Disabling the clock

A clock carry over is prohibited when “0” is written to PAGER<ENATMR> in
order to prevent malfunction caused by the Carry hold circuit. While the clock is
prohibited, the Carry hold circuit holds a one sec. carry signal from a divider.
When the clock becomes enabled, the carry signal is output to the clock, the time
i1s revised and operation continues. However, the clock is delayed when
clock-disabled state continues for one second or more. Note that at this time
system power is down while the clock 1s disabled. In this case the clock is stopped
and clock is delayed.

( Start >

Disable the clock

Write the clock data

Enable the clock

C D

Figure 3.20.4 Flowchart of Clock disable

92CF30-508 2009-06-12



TOSHIBA

TMP92CF30

3.20.6 Explanation of the interrupt signal and alarm signal

The alarm function used by setting the PAGE1 register and outputting either of the
following three signals from ALARM pin by writing “1” to PAGER<PAGE>. INTRTC
outputs a 1-shot pulse when the falling edge is detected. RTC is not initialized by RESET.
Therefore, when the clock or alarm function is used, clear interrupt request flag in INTC
(interrupt controller).

(1) When the alarm register and the clock correspond, output “0”.
(2) 1Hz Output clock.
(3) 16Hz Output clock.

(1) When the alarm register and the clock correspond, output “0”

When PAGER<ENAALM>= “1”, and the value of PAGEO clock corresponds with
PAGE1 alarm register output “0” to ALARM pin and generate INTRTC.

The methods for using the alarm are as follows:

Initialization of alarm is done by writing in “1” to RESTR<RSTALM>. All alarm
settings become Don’t care. In this case, the alarm always corresponds with value of
the clock, and if PAGER<ENAALM> is “1”, INTRTC interrupt request is generated.

Setting alarm min., alarm hour, alarm date and alarm day is done by writing data to
the relevant PAGE1 register.

When all setting contents correspond, RTC generates an INTRTC interrupt, if
PAGER<INTENA><ENAALM> is “1”. However, contents which have not been set up
(don't care state) are always considered to correspond.

Contents which have already been set up, cannot be returned independently to the
Don'’t care state. In this case, the alarm must be initialized and alarm register reset.

The following is an example program for outputting an alarm from ALARM -pin at
noon (PM12:00) every day.

LD (PAGER), 09H ; Alarm disable, setting PAGE1
LD (RESTR), DOH ;. Alarm initialize
LD (DAYR), 01H ;WO
LD (DATER),01H 1 day
LD (HOURR), 12H ; Setting 12 o’clock
LD (MINR), OOH ; Setting 00 min
; Setup time 31 us (Note)
LD (PAGER), OCH ; Alarm enable
( LD (PAGER), 8CH . Interrupt enable )

When the CPU is operating at high frequency oscillation, it may take a maximum of
one clock at 32 kHz (about 30us) for the time register setting to become valid. In the
above example, it is necessary to set 31us of set up time between setting the time
register and enabling the alarm register.

Note: This set up time is unnecessary when you use only internal interruption.
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(2) With 1Hz output clock

RTC outputs a clock of 1Hz to ALARM pin by setting up PAGER<ENAALM>= “0”,
RESTR<DIS1HZ>= “0”, <DIS16HZ>= “1”. RTC also generates an INTRTC interrupt
on the falling edge of the clock.

(3) With 16Hz output clock

RTC outputs a clock of 16Hz to ALARM pin by setting up PAGER<ENAALM>= “0”,
RESTR<DIS1HZ>= “1”, <DIS16HZ>= “0”. RTC also generates INTRTC an interrupt
on the falling edge of the clock.
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3.21 Melody / Alarm generator (MLD)

The TMP92CF30 contains a melody function and alarm function, both of which are output
from the MLDALM pin. Five kind of fixed cycle interrupt are generated by using a 15bit counter
for use as the alarm generator.

The features are as follows.

1) Melody generator

The Melody function generates signals of any frequency (4Hz- 5461Hz) based on a
low-speed clock (32.768 kHz) and outputs the signals from the MLDALM pin.

The melody tone can easily be heard by connecting an external loud speaker.

2) Alarm generator

The Alarm function generates eight kinds of alarm waveform having a modulation
frequency (4096Hz) determined by the low-speed clock (32.768 kHz). This waveform can be
inverted by setting a value to a register.

The alarm tone can easily be heard by connecting an external loud speaker.

Five kinds of fixed cycle interrupts are generated (1Hz, 2Hz, 64Hz, 512Hz, 8192Hz) by
using a counter that is used for the alarm generator.
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3.21.1 Block Diagram
Reset
[Melody Generator] Internal data bus
MELFH, MELFL register
@ MELOUT
MELFH Invert
<MELON> Comparator (CPO) FIF []
Stop and Clear ﬁ
Clear
IEICZ)vgl-(speed 12bit counter (UCO) !
—  INTALMO (8192Hz)
)
—  INTALM1 (512 Hz)
Edge INTALMZ2 (64 H
detectior — 1) (64 Hz) INTALM
— INTALM3 (2 Hz)
— INTALMA4 (1 Hz)
15bi 1
— 5bit conter (UC1) [ ALMINT
T 4096 Hz | <IALM4E:0E>
MELALMC<FC1:0> 8bit counter
(UC2)
T l l l l MELOUT
Alarm wave form Selector ———— > |MLDALM pin
generator Invert
ALMOUT
MELALMC T
] <ALMINV> MELALMC
ALM reqister <MELALM>
[Alarm Generator] Internal data bus
Reset
Figure 3.21.1MLD Block Diagram
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3.21.2 Control registers
ALM register
7 6 5 4 3 2 1 0
ALM bit Symbol AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
(1330H) | Read/Write RIW
Reset State 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Function Setting alarm pattern
MELALMC register
7 6 5 4 3 2 1 0
MELALMC | bit Symbol FC1 FCO ALMINV - - - - MELALM
(1331H) | Read/Write RIW
Reset State 0 | 0 0 0 | 0 0 | 0 0
Function Free-run counter control | Alarm Always write “0” Select
00: Hold Waveform Output
01: Restart invert Waveform
10: Clear & Stop Linvert 0: Alarm
11: Clear & Start 1: Melody
Notel: MELALMC<FC1> is always read “0".
Note2: When setting MELALMC register except <FC1:0> while the free-run counter is running, <FC1:0> is kept “01”".
MELFL register
7 6 5 4 3 2 1 0
MELFL | bit Symbol ML7 ML6 ML5 ML4 ML3 ML2 ML1 MLO
(1332H) | Read/Write R/W
Reset State 0 | 0 | 0 | 0 | 0 | 0 0 | 0
Function Setting melody frequency (lower 8bit)
MELFH register
7 6 5 4 3 2 1 0
MELFH |bit Symbol MELON ML11 ML10 ML9 ML8
(1333H) | Read/Write R/W R/W
Reset State 0 0 | 0 | 0 | 0
Function Control Setting melody frequency(upper 4bit)
melody
counter
0: Stop &
Clear
1: Start
ALMINT register
7 6 5 4 3 2 1 0
ALMINT ] bit Symbol - IALM4E IALM3E IALM2E IALM1E | IALMOE
(1334H) | Read/Write RIW
Reset State 0 0 0 0 0 0
Function Always LINTALM4 | LINTALM3 | LINTALM2 | L:INTALM1 | 1:INTALMO
write “0” (1Hz) (2Hz) (64Hz) (512Hz) (8192Hz)
enable enable enable enable enable
Note: INTALMO to INTALM4 prohibit that set to enable at same time. If setting to enable, set only 1.
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3.21.3 Operational Description

3.21.3.1 Melody generator

The Melody function generates signals of any frequency (4Hz-5461Hz) based on a
low-speed clock (32.768kHz) and outputs the signals from the MLDALM pin.

The melody tone can easily be heard by connecting an external loud speaker.

(Operation)

MELALMC<MELALM> must first be set as 1 in order to select the melody waveform
to be output from MLDALM. The melody output frequency must then be set to 12-bit
register MELFH, MELFL.

The following are examples of settings and calculations of melody output frequency.

(Formula for calculating melody waveform frequency)

@fs = 32.768 [kHz]
Melody output waveform fmLp[Hz] = 32768/ (2 x N + 4)
Setting value for melody N = (16384/ f\p) — 2
(Note: N = 1~4095 (001H~FFFH), 0 is not acceptable)

(Example program)
When outputting an “A” musical note (440Hz)

LD (MELALMC), —XXXXX1B ; Select melody waveform
LD (MELFL), 23H ; N=16384/440 - 2=35.2=023H
LD (MELFH), 80H ; Start to generate waveform

(Refer: Basic musical scale setting table)

Scale | Frequency Register
[Hz] Value: N

C 264 03CH

D 297 035H

E 330 030H

F 352 02DH

G 396 027H

A 440 023H

B 495 01FH

C 528 01DH
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3.21.3.2  Alarm generator

The Alarm function generates eight kinds of alarm waveform having a modulation
frequency of 4096Hz determined by the low-speed clock (32.768 kHz). This waveform is
reversible by setting a value to a register.

The alarm tone can easily be heard by connecting an external loud speaker.

Five kind of fixed cycle (interrupts can be generated 1Hz, 2Hz, 64Hz, 512Hz, 8192Hz) by
using a counter which is used for the alarm generator.

(Operation)

MELALMC<MELALM> must first be set as 0 in order to select the alarm
waveform to be output from MLDALMC. The “10” must be set on the MELALMC
<FC1:0> register, and clear internal counter. Alarm pattern must then be set on
the 8-bit register of ALM. If it is inverted output-data, set <ALMINV> as invert.

Then set the MELAMC<FC1:0> to “11” to start the free-run counter.
To stop the alarm output, write “00H” to the ALM register.

The following are examples of program, setting value of alarm pattern and
waveform of each setting value.

(Setting value of alarm pattern)

Setting value

for ALM Alarm waveform

register
O00H “0” fixed
01H AL1 pattern
02H AL2 pattern
04H AL3 pattern
08H AL4 pattern
10H ALS pattern
20H AL6pattern
40H AL7 pattern
80H ALS8 pattern
Other Undefined

(Do not set)

(Example program)
When outputting AL2 pattern (31.25ms/8 times/1sec)

LD (MELALMC), 80H ;  Clear counter, set output alarm waveform
LD (ALM), 02H ;  Set AL2 pattern
LD (MELALMC), COH ; Free-run counter start
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Example: Waveform of alarm pattern for each setting value: not inverted)

pro LLLLLLT LT { produaton frequeney wose mal | { [ | { [ | { [ [1[]]
(Continuous output) [Modulation frequency (4096 Hz)|
1 2 8 1
AL2 pattern || |||| _______ |||| |||
(8 times/1 sec)
<——> !
131.25ms 1sec
h 1
1
e [T OO
(once)
[} J
' 500 ms !
1 2 1
AL4 pattern | | | | | | | | |
(Twice/1 sec)
——> !
162.5ms 1 sec |
h 1
1 2 3 1
G tmesi < L L (I [11
(3 times/1 sec)
1 1 1
162.5ms 1 sec |
h 1
1
ALG pattern
(1 times) | | """"
<
62.5ms
1 2
AL7 pattern
(s o m
)
62.5ms
ALS8 pattern
(Once) e
[}

250 ms
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3.22 Analog-Digital Converter (ADC)
A 10-bit serial conversion analog/digital converter (AD converter) having six channels of
analog input is built in.
Figure 3.22.1 shows the block diagram of the AD converter.
The 6-analog input channels (ANO-AN5) can be used as general-purpose inputs.

Notel: To reduce the power supply current by IDLE2, IDLE1 and STOP mode, the standby state may be maintained
with the internal comparator still being enabled, depending on the timing. Check that the AD converter
operation is in a stop before executing HALT instruction. In IDLE2 mode it operates only the case of
ADMODO<I2AD>=“0".

Note2: Setting ADMOD1<DACON> = "0" while the AD converter is in a stop can reduce current consumption.

8 Internal data bus

Y S A S AR
R/

s <7 7 NN

ADMOD1 ADMODO ADMOD?2 ADMOD3 ADMOD4/5
ITM/LAT l HTSEL/HHTRGE
TSEL/HTRGE
= Scan AD Monitor
selsgtri]:n Dl repeat Function control AD Monitor function interrupt
control circuit INTADM
Endls s AD start control
nd|Busy| |Start End | Busy [ Start
L1 qwrerrs
Normal AD | iah-Priori ADTRG .
Converter Control High-Priority AD Complete interrupt AD
Circuit —| Converter Control INTADHP
I I Normal AD Conversion
complete interrupt
] lete i
ANS5 (PG5)[_} INTAD
AN4 (PG4) [} = Compare  |/U
2 register \l’
ADTRG , AN3 (PG3) D ) Sample
Q.
AN2 (PG2) £ Hold [~ Compare circuit
AN1 (PG1)[} = N 182
ANO (PGO)[_} A /D Conversion| E
Result Register ©
Comparator ADREGOL~5L g
ADREGOH~5H =
c
Joi
High-Priority AD =
—]  Conversion
Result Register
ADREGSPHI/L
VREF
VREFH[_} o o N
VREFL[ ] D/A Converter <

Figure 3.22.1 ADC Block Diagram
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3.22.1 Control register

The AD converter is controlled by the AD mode control registers (ADMODO0, ADMODI,
ADMOD2, ADMOD3, ADMOD4 and ADMOD5). AD conversion results are stored in the six
registers of AD conversion result higher-order/lower-order registers ADREGOH/L to
ADREGS5H/L. Top-priority conversion results are stored in ADREGSPH/L.

Figure 3.22.2 to Figure 3.22.11 show the registers available in the AD converter.

AD Mode Control Register 0 (Normal conversion control)

7 6 5 4 3 2 1 0
ADMODO | bit Symbol EOS BUSY I2AD ADS HTRGE TSEL1 TSELO
(12B8H) | Read/Write RIW
Reset State 0 0 0 0 0 o | o
Eunction Normal AD | Normal AD AD Start Normal | Normal AD | Select Hard ware trigger
conversion conversion conversion | AD conversion
end flag when conversion at Hard 00: INTTBOO interrupt
0:During BUSY Flag IDLE2 0: Don'’t Care | ware trigger | 01: Reserved
conversion | 9-StoP ) mode 1:Start AD 0: Disable | 10: ADTRG
sequence con\{ersmn 0: Stop conversion | 1: Enable 11: Reserved
or before 1:During . 1: Operate
starting conversion Always read
1:Complete as’0”.
conversion
sequence

Figure 3.22.2 AD Conversion Registers
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AD Mode Control Register 1 (Normal conversion control)
7 6 5 4 3 2 1 0
ADMOD1 |bit Symbol DACON ADCH2 ADCH1 ADCHO LAT IT™ REPEAT SCAN
(12B9H) | Read/Write RIW
Reset State 0 0 | 0 | 0 0 0 0 0
Function DAC and Analog input channel select Latency Interrupt Repeat Scan mode
VREF 0: No Wait specification | mode specification
application 1:Start after when specification | O:
control reading conversion | 0:Single Channel-fix
conversion | channel-fix conversion mode
result store | repeat mode | 1:Repeat 1: Channel
Register of conversion | scan mode
last channel

Specify AD conversion interrupt for Channel Fixed
Repeat Conversion mode

Channel Fixed Repeat Conversion Mode
<SCAN> ="“0", <REPEAT>="1"

Generates interrupt every conversion

Generated interrupt every fourth conversion

— Next SCAN start timing control for the

channel-scan repeat mode

Channel Scan Repeat mode

(<SCAN> ="1", <REPEAT> ="1")

0 | No Wait

1 | Start after read last of conversion result

store Register

—> Analog input channel select

<SCAN> | 0O:
Channel 1: Channel-scan
<ADCH2:0> -fix
000 ANO ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1—->AN2
011 AN3(note) | ANO—>AN1—->AN2—AN3 (note)
100 AN4 ANO—>AN1—->AN2—AN3—>AN4 (note)
101 AN5 ANO—AN1—->AN2—>AN3—>AN4—>ANS5 (note)
110 Reserved
111 Reserved

Note: When using PG3 pin as apTra , it cannot be set.

DAC & VREF application control

0 | DAC & VREF off

(Set before into STOP mode)

1 | DAC & VREF on

(Set to “1” before starting conversion)

Figure 3.22.3 AD Converter Related Register
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AD Mode Control Register 2 (Top-priority conversion control)
7 6 5 4 3 2 1 0
ADMOD?2 | bit Symbol HEOS HBUSY HADS HHTRGE | HTSEL1 HTSELO
(12BAH) |Read/write R RAW
Reset State 0 0 0 0 0 | 0
Function Top-priority | Top-priority Start Top-priority | Select Hard ware trigger
AD AD Top-priority AD 00: INTTB10 interrupt
conversion | conversion AD conversion | 01: Reserved
sequence BUSY Flag conversion at Hard 10: ADTRG
FLAG 0: Don’t Care | ware trigger | 11: IZS Sampling Counter
0: During 0:Stop 1: Start AD 0: Disable Output
conversion | conversion conversion 1: Enable
sequence | 1:During
or before conversion Always read
starting as"0".
1: Complete
conversion
sequence
AD Mode Control Register 3 (Top-priority conversion control)
7 6 5 4 3 2 1 0
ADMOD3 | bit Symbol - HADCH2 | HADCH1 | HADCHO —
(12BBH) | Read/Write RIW RIW
Reset State 0 0 | 0 | 0 0
Function Always Top-priority analog input channel Always
write “0”. [ select write “0”.
|
L’ Analog input channel select
Analog input
channel when
High-priority
conversion
<HADCH2:0>
000 ANO
001 AN1
010 AN2
011 AN3(Note)
100 AN4
101 AN5
110 Reserved
111 Reserved
Note: When using PG3 pin as ADTRG , it cannot be set.
Figure 3.22.4 AD Conversion Registers
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AD Mode Control Register 4 (AD Monitor function control)
7 6 5 4 3 2 1 0
ADMODA4 | bit Symbol CMEN1 CMENO CMP1C CMPOC IRQEN1 IRQENO | CMPINT1 | CMPINTO
(12BCH) | Read/Write RIW R
Reset State 0 0 0 0 0 0 0 0
Function AD Monitor | AD Monitor | Generation | Generation [ AD monitor [ AD monitor | Status of Status of
functionl functionO condition of | condition of | function function AD monitor | AD monitor
0: Disable 0: Disable AD monitor [ AD monitor | interrupt 1 interrupt O function function
1: Enable 1: Enable function function 0: Disable 0: Disable interrupt 1 interrupt O
interrupt 1 interrupt O 1: Enable 1: Enable 0: No 0: No
0: less than | 0: less than | (Note) (Note) generation | generation
1: Greater 1: Greater 1: 1:
than or than or Generation | Generation
Equal Equal

Note: When AD monitor function interrupts generate, it is cleared automatically and it is set to disable condition.

AD Mode Control Register 5 (AD Monitor function control)

7 6 5 4 3 2 1 0
ADMODS5 | bit Symbol CM1CH2 | CM1CH1 | CM1CHO CMOCH2 | CMOCH1 | CMOCHO
(12BDH) | Read/write RIW RIW
Reset State 0 | 0 | 0 0 | 0 | 0
Function Select analog channel for AD monitor Select analog channel for AD monitor
function 1 function 0
000: ANO 100: AN4 000: ANO 100: AN4
001: AN1 101: AN5 001: AN1 101: AN5
010: AN2 110: Reserved 010: AN2 110: Reserved
011: AN3 111: Reserved 011: AN3 111: Reserved

Notel: When converting AD in hard ware trigger by setting <HHTRGE> and <HTRGE>to “1", set PGFC<PG3F> to

“1” (as ADTRG) in case of external TRG before enabling it. When using an INTTBXxO0 of 16-bit timer, first set the

<TSEL1:0> or <HTSELL1:0> bit to “00” when the timer is not operating. Then, set the <HHTRGE> and <HTRGE>

to “1” and enable trigger operation. Finally, operate the timer so that AD conversion will be initiated at constant

intervals.

Note 2: When disabling an external trigger ( ADTRG ) for AD conversion, first clear the <HHTRGE> or <HTRGE> bit to

“0", and clear the PGFC<PG3F> to “0”, thus configuring port G as a general-purpose port.
Note 3: When starting AD by using external trigger (ADTRG), it can be started after enabling (RHHTRGE> = “1" or

<HTRGE> ="“1") and 3 clock at fsys was executed. AD is not started when before that time.

Note 4: When chaging compare register value of AD Monitor function, change it after setting AD Monitor function to

disable(ADMOD4<CMEN1:0> = “0").

Figure 3.22.5 AD Conversion Registers
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AD Conversion Result Register 0 Low

7 6 5 4 3 2 1 0
ADREGOL | bit Symbol ADRO1 ADROO OVRO ADRORF
(12A0H) | Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
ANO AD conversion flag conversion
0:No result store
result generate flag
1: Generate | 1: Stored

AD Conversion Result Register 0 High

7 6 5 4 3 2 1 0
ADREGOH | bit Symbol ADRO9 ADRO8 ADRO7 ADRO6 ADRO5 ADRO04 ADRO3 ADRO2
(12A1H) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of ANO AD conversion result

AD Conversion Result Register 1 Low

7 6 5 4 3 2 1 0
ADREGIL | bit Symbol ADR11 ADR10 OVR1 ADR1RF
(12A2H) | Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
AN1 AD conversion flag conversion
0:No result store

result generate | flag

1: Generate | 1: Stored

AD Conversion Result Register 1 High

7 6 5 4 3 2 1 0
ADREG1H | bit Symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(12A3H) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of AN1 AD conversion result

Channel X conversion
result

ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

v

e  Bits 5~ 2 are always read as “0”.

. Bit 0 is the AD conversion result store flag <ADRxRF>. When AD conversion result is stored, the flag is set to
“1”. When Lower register (ADRECxL) is read, this bit is cleared to “0”.

. Bit 1 is the Overrun flag <OVRx>. This bit is set to “1” if a next conversion result is written to the
ADREGxH/L before both the ADREGxH and ADREGxL are read. This bit is cleared to “0” by reading Flag.

Figure 3.22.6 AD Conversion Registers
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AD Conversion Result Register 2 Low
7 6 5 4 3 2 1 0
ADREG2L | bit Symbol ADR21 ADR20 OVR2 ADR2RF
(12A4H) Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
AN2 AD conversion flag conversion
0:No result store
result generate | flag
1: Generate | 1: Stored
AD Conversion Result Register 1 High
7 6 5 4 3 2 1 0
ADREG2H | bit Symbol ADR?29 ADR?28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(12A5H) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of AN2 AD conversion result
AD Conversion Result Register 3 Low
7 6 5 4 3 2 1 0
ADREG3L | bit Symbol ADR31 ADR30 OVR3 ADR3RF
(12A6H) Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
AN3 AD conversion flag conversion
0:No result store
result generate | flag
1: Generate | 1: Stored
AD Conversion Result Register 3 High
7 6 5 4 3 2 1 0
ADREG3H | bit Symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(12A7H) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of AN3 AD conversion result
9 8 7 6 5 4 3 2 1 0
Channel X conversion
result
[T
ADREGxH l l ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J
Y

. Bits 5 ~ 2 are always read as “0”.

. Bit 0 is the AD conversion result store flag <ADRxRF>. When AD conversion result is stored, the flag is set to
“1”. When Lower register (ADRECxL) is read, this bit is cleared to “0”.

e Bit 1 is the Overrun flag <OVRx>. This bit is set to “1” if a next conversion result is written to the
ADREGxH/L before both the ADREGxH and ADREGxL are read. This bit is cleared to “0” by reading Flag.

Figure 3.22.7 AD Conversion Registers
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AD Conversion Result Register 4 Low
7 6 5 4 3 2 1 0
ADREGAL | bit Symbol ADR41 ADR40 OVR4 ADR4RF
(12A8H) | Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
AN4 AD conversion flag conversion
0:No result store
result generate | flag
1: Generate | 1: Stored
AD Conversion Result Register 4 High
7 6 5 4 3 2 1 0
ADREGA4H ] bit Symbol ADR49 ADR48 ADR47 ADR46 ADR45 ADR44 ADR43 ADR42
(12A9H) | Read/Write R
Reset State o | o | o | o | o | o o | o
Function Store Upper 8 bits of AN4 AD conversion result
AD Conversion Result Register 5 Low
7 6 5 4 3 2 1 0
ADREGSL ] bit Symbol ADR51 ADR50 OVR5 ADR5RF
(12AAH) Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of Overrun AD
ANS5 AD conversion flag conversion
| 0:No result store
result generate flag
1: Generate | 1: Stored
AD Conversion Result Register 5 High
7 6 5 4 3 2 1 0
ADREGS5H | bit Symbol ADR59 ADR58 ADR57 ADR56 ADR55 ADR54 ADR53 ADR52
(12ABH) | Read/Write R
Reset State o | o | o | o | o | o o | o
Function Store Upper 8 bits of AN5 AD conversion result
9 8 7 6 5 4 3 2 1 0
Channel X conversion
result
I'1
ADREGxH l l ADREGXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J
Y

e  Bits 5~ 2 are always read as “0”.

. Bit 0 is the AD conversion result store flag <ADRxRF>. When AD conversion result is stored, the flag is set to
“1”. When Lower register (ADRECxL) is read, this bit is cleared to “0”.

. Bit 1 is the Overrun flag <OVRx>. This bit is set to “1” if a next conversion result is written to the
ADREGxH/L before both the ADREGxH and ADREGxL are read. This bit is cleared to “0” by reading Flag.

Figure 3.22.8 AD Conversion Registers
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Top-priority AD Conversion Result Register SP Low

7 6 5 4 3 2 1 0
ADREGSPL | bit Symbol ADRSP1 | ADRSPO OVSRP [ADRSPRF
(12BOH) Read/Write R R
Reset State 0 | 0 0 0
Function Store Lower 2 bits of an Overrun AD
AD conversion result flag conversion
0:No result store

generate | flag
1: Generate | 1: Stored

Top-priority AD Conversion Result Register SP High

7 6 5 4 3 2 1 0
ADREGSPH | bit Symbol ADRSP9 | ADRSP8 | ADRSP7 | ADRSP6 | ADRSP5 | ADRSP4 | ADRSP3 | ADRSP2
(12B1H) Read/Write R
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of an AD conversion result

Channel X conversion
result

ADREGxH l l ADREGXxL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

. Bits 5 ~ 2 are always read as “0”.

e  Bit 0is the AD conversion result store flag <ADRxRF>. When AD conversion result is stored, the flag is set to
“1”. When Lower register (ADRECxL) is read, this bit is cleared to “0”.

. Bit 1 is the Overrun flag <OVRx>. This bit is set to “1” if a next conversion result is written to the
ADREGxH/L before both the ADREGxH and ADREGxL are read. This bit is cleared to “0” by reading Flag.

Figure 3.22.9 AD Conversion Registers
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AD Conversion Result Compare Criterion Register 0 Low

7 6 5 4 3 2 1 0
ADCMOREGL ] bit Symbol ADR21 ADR20
(12B4H) Read/Write RIW
Reset State 0 | 0
Function Store Lower 2 bits of an
AD conversion result
compare criterion

AD Conversion Result Compare Criterion Register 0 High

7 6 5 4 3 2 1 0
ADCMOREGH | bit Symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(12B5H) Read/Write R/IW
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of an AD conversion result compare criterion

AD Conversion Result Compare Criterion Register 1 Low

7 6 5 4 3 2 1 0
ADCMI1REGL | bit Symbol ADR21 ADR20
(12B6H) Read/Write RIW
Reset State 0 | 0
Function Store Lower 2 bits of an
AD conversion result
compare criterion

AD Conversion Result Compare Criterion Register 1 High

7 6 5 4 3 2 1 0
ADCMIREGH | bit Symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(12B7H) Read/Write R/W
Reset State o | o | o | o | o | o | o | o
Function Store Upper 8 bits of an AD conversion result compare criterion

Note: Disable the AD monitor function (ADMOD4<CMEN1:0> = “0") before attempting to set or modify the value of

these registers.

Figure 3.22.10 AD Conversion Registers
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AD Conversion Clock Setting Register
7 6 5 4 3 2 1 0
ADCCLK bit Symbol — ADCLK2 | ADCLK1 | ADCLKO
(12BFH) Read/Write RIwW
Reset State 0 0 | 0 | 0
Function Always Select clock for AD conversion
write “0" | 000: Reserved  100: fio/4
001: fio/l 101: fio/5
010: fio/2 110: fio/6
011: fio/3 111: fio/7

Notel: AD conversion is executed at the clock frequency selected in the above register. To assure conversion
accuracy, however, the conversion clock frequency must not exceed 12MHz.

Note2: Don ‘t change the clock frequency while AD conversion is in progress.

Figure 3.22.11 AD Conversion Registers

<ADCLK2:0>
+1~+7
fsys —»
» r——% ADCLK
AD conversion
fio(fsys/2 <ADCLK2:0> ADCLK
io(fsys/2) speed
10.0MHZz 12 usec
20MHz 100(f10/4) n
101(fjo/5) 8MHZ 15 psec
011(fio/3 10.0MHZ 12 psec
30MHz (of3) a
100(f|0/4) 7.5MHZ 16 psec

AD conversion speed can be calculated by following.

Conversion speed = 120 x (1/ADCLK)
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3.22.2 Operation

3.22.2.1 Analog Reference Voltages

Apply the analog reference voltage's “H” level side to the VREFH pin and the “L”
level side to the VREFL pin.

3.22.2.2 Selecting Analog Input Channels

Selecting an analog input channel depends on the operation mode of the AC
converter.

(1) For normal AD conversion

When using an analog input channel in fix mode, select one channel from the ANO to
AN5 pins by setting (ADMOD1<SCAN> = “0”) ADMOD1<ADCH2:0>.

When using an analog input channel in scan mode, select one scan mode from the six
scan modes by setting (ADMOD1<SCAN> = “1”) ADMOD1 <ADCH2:0>.

(2) For top-priority AD conversion

Select one channel from the analog input pins ANO to AN5 by setting
ADMOD3<HADCH2:0>.

After reset, ADMOD1<SCAN> is initialized to “0” and ADMODI1<ADCH2:0> to
“000”. Since these settings are used for channel selection, the channel fixed input with
the ANO pin will be selected. Pins not used as analog input channels can be used as
normal ports.
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3.22.2.3 Starting an AD Conversion

The AD conversion has the two types of normal AD conversion and top-priority AD
conversion.

Normal AD conversion can be started up by setting ADMODO<ADS> to “1.”
Top-priority AD conversion can be started up by software by setting
ADMOD2<HADS> to “1.”

For normal AD conversion, one operation mode is selected from the four types of
operation modes specified by ADMOD1<REPEAT, SCAN>. The operation mode for
top-priority AD conversion is only single conversion by channel-fix mode.

The ADC supports two types of AD conversion: normal AD conversion and
Top-priority AD conversion. The ADC initiates a normal AD conversion by software
when the ADMODO0<ADS> is set to “1”. It initiates a Top-priority AD conversion by
software when the ADMOD2<HADS> is set to “1”. For a normal AD conversion,
ADMOD1<REPEAT, SCAN> select one of four conversion modes. For a Top-priority
AD conversion, the ADC only supports Fixed-Channel Single Conversion mode.

The ADMODO<TSEL1:0> and ADMOD2<HTSEL1:0> enable a hardware trigger for
a normal and Top-priority AD conversion, respectively. When these bits are set to “10”,
a normal or Top-priority AD conversion is triggered by a falling edge applied to ADTRG
pin. When ADMODO<TSEL1:0> is set to “00”, a normal AD conversion is triggered by
INTTBOO of 16-Bit Timer interrupt. When ADMOD2<HTSEL1:0> 1s set to “00”, a
Top-priority AD conversion is triggered by INTTB10 of 16-Bit Timer interrupt. If this
bit is “11”, it is triggered by I2S sampling block. Even when a hardware trigger is
enabled, software starting can be used.

Note: If changing HTSEL at HHTRGE is “ON”, maybe unexpected interrupts occurs. If changing HTSEL, once set
HHTRGE to “OFF".

When normal AD conversion is started, the AD conversion BUSY flag
(ADMODO0<BUSY>) that shows the state for AD being converted is set to “1.”

When top-priority AD conversion is started, the AD conversion BUSY flag
(ADMOD2<HBUSY>) that shows the state for AD being converted is set to “1.”

In addition, when top-priority conversion is started during normal AD conversion,
ADMODO<BUSY> is kept to “1.”
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<HEOS> and <EOS> are set to “1” after conversion is completed. This flag is cleared
to “0” only when read.

During a normal AD conversion, writing a “1” to ADMODO<ADS> causes the ADC to
abort any ongoing conversion immediately, and restart.

During a normal AD conversion, if normal AD conversion starting is enabled by
hard ware trigger, normal AD conversion is restarted when start condition from hard
ware trigger is satisfied. When restart is set, normal AD conversion is aborted
immediately.

During a normal AD conversion, if a Top-priority AD conversion starts (writing a “1”
to ADMOD2<HADS> or a hard ware trigger occurs), the ADC aborts any ongoing
conversion immediately, and then start a Top-priority AD conversion for the channel
specified by ADMOD3<HADCH2:0>. Upon the completion of the Top-priority
conversion, the ADC stores the conversion result to ADREGSPH/L, and then resumes
the suspended normal conversion with that channel.

Note: It cannot overlap with three or more AD conversions.
Prohibition example 1: In FIRST normal AD conversion
— (Before finished FIRST normal AD conversion) Started SECOND normal AD conversion
— (Before finished SECOND normal AD conversion) Started THIRD normal AD conversion
Prohibition example 2: In FIRST normal AD conversion
— (Before finished FIRST normal AD conversion) Started SECOND normal AD conversion
— (Before finished SECOND normal AD conversion) Started THIRD high-priority AD conversion

92CF30-530 2009-06-12



TOSHIBA TMP92CF30

3.22.2.4 AD Conversion Modes and AD Conversion-End Interrupts

For AD conversion, the following four operation modes are provided: For normal AD
conversion, selection is available by setting ADMOD1<REPEAT and SCAN>. As for
top-priority AD conversion, only single conversion mode by channel-fix mode is
available.

a. Channel-fix single conversion mode

b. Channel-scan single conversion mode

¢. Channel-fix repeat conversion mode

d. Channel-scan repeat conversion mode

(1) Normal AD conversion

To select operation modes, use ADMOD1<REPEAT, SCAN>. After AD conversion is
started, ADMODO<BUSY> is set to “1.” When a specified AD conversion ends, the
Normal AD conversion end interrupt (INTAD) is generated, which sets “1” in
ADMODO<EOS> is set “1”, that shows the end of the AD conversion sequence.

a. Channel-fix single conversion mode

Setting ADMOD1<REPEAT, SCAN> to “00” selects the channel-fix single
conversion mode.

This mode performs a conversion only one time at one channel selected. After
conversion ends, ADMODO<EOS> is set to “1,” generating Normal AD conversion
End an INTAD interrupt request. <EOS> is cleared to “0” only by being read.

b. Channel-scan single conversion mode

Setting ADMOD1<REPEAT, SCAN> to “01” selects the channel-scan single
conversion mode.

This mode performs a conversion only one time at each scan channel selected.
After scan conversion ends, ADMODO<EOS> is set to “1,” generating Normal AD
conversion End interrupt request. <EOS> is cleared to “0” only by being read.

c¢. Channel-fix repeat conversion mode

Setting ADMOD1<REPEAT, SCAN> to “10” selects the channel-fix repeat
conversion mode.

This mode performs a conversion at one channel selected repeatedly. After
conversion ends, ADMODO<EOS> is set to “1.” The timing of Normal AD
conversion End INTAD interrupt request generation can be selected by setting
ADMOD1 <ITM>. The timing of <EOS> being set is also liked to the interrupt
timing.

ADMODO<EOS> is cleared to “0” only by being read.

Setting <ITM> to “0” generates an interrupt request each time an AD
conversion ends. In this case, conversion results are always stored into the storage
register of ADREGxH/L. At the point of storage, <EOS> is set to 1.

Setting <ITM> to “1” generates an interrupt request each time four AD
conversions end. In this case, conversion results are stored into the storage
registers of ADREGOH/L to ADREG3H/L one after another. After stored into
ADREGS3, <EOS> is set to “1,” restarting storage from ADREG0. ADMODO<EOS>
is set to “1” after a forth conversion result is stored. <EOS> is cleared to “0” only
by being read.
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d. Channel-scan repeat conversion mode

Setting ADMOD1<REPEAT, SCAN> to “11” selects the channel-scan repeat
conversion mode.

This mode performs a conversion at selected scan channels repeatedly. Each
time after the conversion at a final channel ends, ADMODO<EOS> is set to “1,”
generating Normal AD conversion End interrupt request. <EOS> is cleared to “0”
only by being read.

To stop the repeat conversion mode (mode of ¢ and d) operation, write “0” in
ADMOD1<REPEAT>. At the point when a scan conversion being executed ends,
the repeat conversion mode ends.

Shift to a standby mode (IDLE2 Mode with ADMODO<I2AD> = “0”, IDLE1
Mode or STOP Mode) immediately stops operation of the AD converter even if AD
conversion is still in progress. Therefore, ADC may consume current even if
operation is stopped, depending on stop condition of ADC that switches to standby
mode. For avoiding this problem, Stop ADC before switching to standby mode.

(2)  Top-priority AD conversion

The operation mode is only single conversion by channel-fix mode. The settings in

ADMOD1<REPEAT, SCAN> are not involved.

When startup conditions are established, a conversion at a channel specified by
ADMOD3<HADCH2:0> is performed only one time. When conversion ends, the
top-priority AD conversion end interrupt INTADHP) is generated, which sets “1” in
ADMOD2<HEOS>. The HEOS flag is cleared to “0” only by being read.

Table 3.22.1 Interrupt Generation Timing and Flag Setting in Each AD Conversion Mode

_ Interrupt EOS set timing ADMOD1
Conversion mode Generation (Note)
Timing IT™ REPEAT | SCAN
Channel-fix After conversion After conversion B 0 0
Single conversion end end
Channel-fix Per one Each time after
Repeat conversion conversion one conversion 0
ends
1 0
Per four Each time after
conversions four conversions 1
end
Channel-scan After scan After scan B 0 1
Single conversion conversion end conversion end
Channel-scan Each time after Each time after
Repeat conversion one scan one scan - 1 1
conversion ends conversion ends
Note: EOS is cleared to “0” only by reading this bit.
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3.22.25

Top-Priority Conversion Mode

The ADC can perform a Top-priority AD conversion while it is performing a normal
AD conversion sequence. A Top-priority AD conversion can be started at software by
setting the ADMOD2<HADS> to “1”. It is also triggered by a hardware trigger if so
enabled using ADMOD2<HTSEL1:0>. If a Top-priority AD conversion is triggered
during a normal AD conversion, the ADC aborts any ongoing conversion immediately,
and then begins a single Top-priority AD conversion for the channel specified with the
ADMOD3<HADC2:0>. Upon the completion of the Top-priority AD conversion, the
ADC stores the results of the conversion in the ADREGSPH/L, generates the
Top-priority AD conversion interrupt (INTADHP), and then resumes the suspended
normal conversion with that channel. While a Top-priority conversion is being
performed, a trigger for another Top-priority conversion is ignored.

Example: When ANS top-priority AD conversion is started up with ADMOD3<HADCH2:0> = “101" during repeat scan

conversion at channels ANO to AN3 with ADMOD1<REPEAT, SCAN> =“11" and ADMOD1<ADCH2:0> =
“011”

Top-priority AD |_|
conversion start trigger
/
Conversionchannel { ANO | AN1 | AN2 | AN5 | AN2 AN3 ANO
AN2 conversion ANZ2 re-conversion
canceled started

3.22.2.6

3.22.2.7

ANS5 conversion started

AD Monitor Function
Setting ADMOD4<CMEN1:0> to “1” enables the AD monitoring function.

The value of Result storage register that is appointed by ADMODS5 is compared with
the value of AD conversion result register (H/L), ADMOD4<CMP1C:0C> can select
greater or smaller of comparison format. As register ADMOD4<IRQEN1:0> is Enable,

This comparison operation is performed each time when a result is stored in the
corresponding conversion result storage register. When conditions are met, the
interrupt is generated. Be careful that the storage registers assigned for the AD
monitoring function are usually not ready by software, which means that the overrun
flag <OVRx> is always set and the conversion result storage flag <ADRxRF> is also
set.

If each of them is assigned to separate channels, the monitoring of greater or
smaller 1s possible in the two analog channels. In addition, if assigned to the same
channels, the monitoring with the voltage range set is possible.

AD Conversion Time

One AD conversion takes 120 clocks including sampling clocks. The AD conversion
clock is selected from 1/1 to 1/7 fio by ADCLK <ADCLK2:0>. To meet the guaranteed
accuracy, the AD conversion clock needs to be set to 12 MHz or less; or equivalently 10
us or more of AD conversion time.
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3.22.2.8 Storing and Read of AD Conversion Results

AD conversion results are stored in the AD conversion result
higher-order/lower-order registers (ADREGOH/L~ ADRG5H/L) for the normal AD
conversion (ADREGOH/L to ADREG5H/L are read-only registers)

In the channel-fix repeat conversion mode, AD conversion results are stored into
ADREGOH/L to ADREG3H/L one after another. In other modes, the conversion results
of channels ANO, AN1, AN2, AN3, AN4, and AN5 are each stored into ADREGOH/L,
ADREG1H/L, ADREG2H/L, ADREG3H/L, ADREG4H/L, and ADREG5H/L.

Table 3.22.2 shows the correspondence between analog input channels and AD

conversion result registers.

Table 3.22.2 Correspondence between analog input channels and AD conversion result registers

AD Conversion result registers
Analog input channel|  other conversion Channel-fix repeat
(Port G) modes than shown in conversion mode
the right (per 4 times)
ANO ADREGOH/L ADREGOH/L
AN1 ADREG1H/L
ADREG1H/L
AN2 ADREG2H/L
AN3 ADREG3H/L ADREG2H/L
AN4 ADREGA4H/L ADREGEHIL
AN5 ADREGS5H/L

Note: In order to detect overruns without omission, read the conversion result storage register's higher-order bits first,
and than read the lower-order bits next. As this result, receiving the result of OVRn = “0” and ADRnRF = “1" for

overruns existing in the lower-order bits means that a correct conversion result has been obtained.

3.22.2.9 Data Polling

To process AD conversion results by using data polling without using interrupts,
perform a polling on ADMODO<EOS>. After confirming that ADMODO<EOS> is set to
“1,” read the AD conversion storage register.
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Setting example:
1. Convert the analog input voltage on the AN3 pin and write the result to memory address 2800H using the AD
interrupt(INTAD) processing routine.

Main routine

INTEAD
ADMOD1
ADMODO

WA

WA

(2800H)

«—
<«
«—

RN

X

kRO

X

o O O O
o O »

0

< ADREG3

« >>6

«—

WA

3

0
0

Interrupt routine processing example

Enable INTAD and set it to interrupt level 4.
Set pin AN3 to be the analog input channel.
Start conversion in channel-fix single conversion mode.

Read value of ADREG3L and ADREG3H into 16-bits
general-purpose register WA.

Shift contents read into WA six times to right and zero fill
upper bits.

Write contents of WA to memory address 2800H.

2. This example repeatedly converts the analog input voltages on the three pins ANO, AN1 and AN2, using

channel-scan repeat conversion mode.

INTEAD
ADMOD1
ADMODO

«< 1 0 0 O

<«
<«

1
X

1
X

0 0
0 0

0
0

0
1

1
1

0
1

Disable INTAD.
Set pins ANO to AN2 to be the analog input channels.
Start conversion in channel-scan repeat conversion mode.

3. Convert the analog input voltage on the AN2 pin as a Top-priority AD conversion, and write the result to memory
address 2A00H using the Top-priority AD interrupt (INTADHP) processing routine.

0
0
1

__ Main routine
INTEAD «< 1 1 0 1
ADMOD1 «< 1 0 0 O
ADMOD3 «<~ 0 0 1 O
| ADMOD2 «<~ 0 0 0 O
- Interrupt routine processing example
WA < ADREGSP
WA «— >>6
(2A00H) «— WA

o O o

o O o

o O o

Enable INTADHP and set it to interrupt level 6.
DAC On.

Set pin AN2 to be the analog input channel.
Start a Top-priority AD conversion by software.

Read value of ADREGSPL and ADREGSPH into 16-bits
general-purpose register WA.

Shift contents read into WA six times to right and zero fill
upper bits.
Write contents of WA to memory address 2A00H.

4. Convert the analog input voltage on the AN4 pin as a normal AD conversion of a channel-fix single conversion mode.
And then if its conversion result is greater or equal than the value of (ADCMOREGL/H), write the result to memory
address 2CO0H using the AD monitor function interrupt (INTADM) processing routine.

Main routine
INTEAD
ADMODS5
ADMOD4

ADMOD1
ADMODO

WA

WA

(2CO0H)

<«
«—

1
0

0
0

0 0
1 0
1 0
0 0

< ADREG4

«— >>6

«~ WA

X :Don't care, —: No change

o R K

0
1

Interrupt routine processing example

o o

Enable INTAD and set it to interrupt level 3.
Set the analog input channel AN4 for AD monitor function 0.

Enable the AD monitor functionO and AD monitor function
interrupt 0. Set “a conversion result > AD conversion result
compare criterion register” for generation condition of monitor
function interrupt 0.

Set pin AN4 to be the analog input channel.

Start a normal AD conversion by software.

Read value of ADREGA4L and ADREG4H into 16-bits
general-purpose register WA.

Shift contents read into WA six times to right and zero fill
upper bits.

Write contents of WA to memory address 2CO0H.

92CF30-535

2009-06-12



TOSHIBA TMP92CF30

3.23 Watchdog Timer (Runaway detection timer)

The TMP92CF30 contains a watchdog timer of runaway detecting.

The watchdog timer (WDT) is used to return the CPU to the normal state when it detects that
the CPU has started to malfunction (runaway) due to causes such as noise. When the watchdog
timer detects a malfunction, it generates a non-maskable interrupt INTWD to notify the CPU of
the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.
(The level of external RESET pin is not changed.)

3.23.1 Configuration

Figure 3.23.1 is a block diagram of the watchdog timer (WDT).

WDMOD<RESCR>
l RESET pin

’—, Reset control

Internal reset

) INTWD interrupt
WDMOD
<WDTP1:0> — Selector
215 217 219 221
Q
fio Binary counter
(22 stages) R s
Reset
Internal reset -

Write Write

4EH BiH WDMOD
<WDTE>

WDT control register WDCR

7S
L

Internal data bus

Figure 3.23.1 Block Diagram of Watchdog Timer

Note: Care must be exercised in the overall design of the apparatus since the watchdog timer may fail to function

correctly due to external noise, etc.
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3.23.2

Operation

The watchdog timer generates an INTWD interrupt when the detection time set in the
WDMOD<WDTP1:0> has elapsed. The watchdog timer must be cleared “0” in software
before an INTWD interrupt will be generated. If the CPU malfunctions (e.g., if runaway
occurs) due to causes such as noise, but does not execute the instruction used to clear the
binary counter, the binary counter will overflow and an INTWD interrupt will be generated.
The CPU will detect malfunction (runaway) due to the INTWD interrupt and in this case it
is possible to return to the CPU to normal operation by means of an anti-malfunction
program.

The watchdog timer begins operating immediately on release of the watchdog timer
reset.

The watchdog timer is halted in IDLE1 or STOP mode. The watchdog timer counter
continues counting during bus release (when BUSAK goes low).

When the device is in IDLE2 mode, the operation of WDT depends on the
WDMOD<I2ZWDT> setting. Ensure that WDMOD<I2WDT> is set before the device enters
IDLE2 mode.

The watchdog timer consists of a 22-stage binary counter which uses the clock (fio) as the
input clock. The binary counter can output 215/f10, 217/f10, 219/f10 and 22Y/110.

WDT counter n

X

(
~—

Overflow

WDT interrupt (

1))
Write clear code

((
2]

WDT clear
(Soft ware)

Figure 3.23.2 Normal Mode

The runaway detection result can also be connected to the reset pin internally.
In this case, the reset time will be 32 clocks (102.4 us at foscH = 10 MHz) as shown in

Figure 3.23.3. After a reset, the clock fi0 is divided fsys by two, where fsys is generated by
dividing the high-speed oscillator clock (foscr) by sixteen through the clock gear function.

Overflow

XA

WDT counter n

17

WDT interrupt

. N
S~

Internal reset

32 clocks (102.4 ps at foscH = 10 MHz)

Figure 3.23.3 Reset Mode
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3.23.3 Control Registers

The watchdog timer (WDT) is controlled by two control registers WDMOD and WDCR.
(1) Watchdog timer mode registers (WDMOD)
1. Setting the detection time for the watchdog timer in <WDTP1:0>
This 2-bit register is used for setting the watchdog timer interrupt time used
when detecting runaway.
On a reset this register is initialized to WDMOD<WDTP1:0> = “00”.
The detection time for WDT is 215/fi0 [s]. (The number of system clocks is
approximately 65,536.)
2.  Watchdog timer enable/disable control register <WDTE>
At reset, the WDMOD<WDTE> is initialized to “1”, enabling the watchdog
timer.

To disable the watchdog timer, it is necessary to clear this bit to “0” and to write
the disable code (B1H) to the watchdog timer control register (WDCR). This
makes it difficult for the watchdog timer to be disabled by runaway.

However, it is possible to return the watchdog timer from the disabled state to
the enabled state merely by setting <WDTE> to “1”.

3. Watchdog timer out reset connection <RESCR>
This register is used to connect the output of the watchdog timer with the
RESET terminal internally. Since WDMOD<RESCR> is initialized to “0” at reset,
a reset by the watchdog timer will not be performed.
(2) Watchdog timer control register (WDCR)

This register is used to disable and clear the binary counter for the watchdog timer.

e Disable control

The watchdog timer can be disabled by clearing WDMOD<WDTE> to “0” and
then writing the disable code (B1H) to the WDCR register.

WDCR «~ 0 1 0 0 1 1 1 O Write the clear code (4EH).
WDMOD 0 X X 0 Clear WDMOD <WDTE> to “0".
1 1 0 1

« o _
WDCR “— 0 1 0 O Write the disable code (B1H).
e Enable control

Set WDMOD<WDTE> to “1”.

e Watchdog timer clear control
To clear the binary counter and cause counting to resume, write the clear code

(4EH) to the WDCR register.
WDCR «~ 0 1 001 1 1 0 Write the clear code (4EH).

Notel: If the disable control is used, set the disable code (B1H) to WDCR after write the clear code (4EH) once.
(Please refer to setting example.)
Note2: If the watchdog timer setting is changed, change setting after setting to disable condition once.
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7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO 12WDT RESCR -
(1300H) Read/Write R/W R/W
Reset State 1 o | o 0 0 0
Function WDT control| Select detecting time IDLE2 1: Internally | Always
1: Enable |00: 2|0 0: Stop connects | write “0”
01: 2Hio 1: Operate | WDT outto
19 the reset
10: 270 pin
11: 2%fo
L——— Watchdog timer out control
0 —
1 | Connects WDT out to a reset
L IDLE2 control
0 | Stop
1 | Operation
Watchdog timer detection time
00 | 2%/fio (Approximately 819.2 ps at fio = 40 MHZz)
01 | 2"/ (Approximately 3.276 ms at fio = 40 MHz)
10 | 2™/fio (Approximately 13.107 ms at fio = 40 MHz)
11 | 2%i0 (Approximately 52.428 ms at fig = 40 MHz)
Watchdog timer enable/disable control
0 | Disabled
1 | Enabled
Figure 3.23.4 Watchdog Timer Mode Register
7 6 5 4 3 2 1 0
WDCR Bit symbol -
(1301H) | Read/write w
A read- Reset State -
modify-write | Function B1H: WDT disable code
operation 4EH: WDT clear code
cannot be
performed

L——— WDT disable/clear control

B1H Disable code
4EH Clear code
Others Don't care

Figure 3.23.5 Watchdog Timer Control Register
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3.24 Multiply and Accumulate Calculation Unit (MAC)

The TMP92CF30 includes a multiply-accumulate unit (MAC) capable of 32-bit x 32-bit +
64-bit arithmetic operations at high speed. The MAC has the following features:

One-cycle execution for all MAC operations (excluding register access time)
Three operation modes : 1) 64-bit + 32-bit x 32-bit

2) 64-bit — 32-bit x 32-bit

3) 32-bit x 32-bit — 64-bit
Support for signed/unsigned operations

Support for integer operations only

3.24.1 Registers

The MAC in the TMP92CF30 has one control register and three data registers. These
registers are connected to the CPU via a 32-bit bus and can be accessed in one system clock
(fsys).

3.24.1.1 Control Register

The control register is used to control the operation of the MAC.

MAC Control Register

7 6 5 4 3 2 1 0

MACCR bit Symbol MOVF MOPST | MSTTG2 | MSTTG1 | MSTTGO | MSGMD | MOPMD1 | MOPMDO
(1BFCH) | Read/Write RIW w RIW

Reset State Y 0 0 | 0 | 0 0 0 | 0
A read- Function Overflow | Calculation | Calculation start trigger Sign mode | Calculation mode
modify- flag soft start | 000: Write to MACMA<7:0> 0: Unsigned | 00: 64 + 32x32
write 0: No 0:Don't care [001: Write to MACMB<7:0> 1: Signed 01: 64 — 32x32
operation overflow | 1:Start 010: Write to MACMOR<7:0> 10: 32x32 — 64
cannot be 1: Overflow |calculation |011: Write to MACMOR<39:32> 11: Reserved
performed occurred 1xx: Write of “1” to <MOPST>

Note 1: <MOPST> is write-only and it is read as “0".
Note 2: Writing “1xx” to <MSTTG2:0> and writing “1” to <MOPST> can be executed in the same write cycle.

Note 3: <MOVF> is fixed two system clocks (fsys) after calculation is started.
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3.24.1.2 Data Registers
The data registers are arranged as shown below.
Data Registers
Bits<63:56> | Bits<55:48> | Bits<47:40> | Bits<39:32> | Bits<31:24> | Bits<23:16> | Bits<15:8> | Bits<7:0>
Multiplier A MACMA
Register (1BE3H) (1BE2H) (1BE1H) (1BEOH)
Multiplier B MACMB
Register (1BE7H) (1BE6H) (1BE5SH) (1BE4H)
MAC MACORH MACORL
Register (1BEFH) (1BEEH) (1BEDH) (1BECH) (1BEBH) (1BEAH) (LBE9H) (LBE8SH)

Note 1: After reset, all the registers are cleared to “0”.

Note 2: Read-modify-write instructions can be used on all the registers.

Note 3: All the registers can be accessed in long word, word, or byte units. (In case of using “sign mode”, it can be

accessed in long word only)

Note 4: When MACCR<MSTTG2:0> is set to “0”, “001”, “010” or “011" and the registers are written in word or byte
units, the <7:0> bits of each register must be written last.

Note 5: The MACORL register is fixed one system clock (fsys) after calculation is started, and the MACORH register

is fixed two system clocks (fsys) after calculation is started. Therefore, to read the MACOR register

immediately after calculation, be sure to read the MACORL register first.

Note 6: In case of using “sign mode”, MACCR<MSGMD> = “1”, it must need to write to MACMA and MACMB register
with longword (32bit).
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3.24.2 Description of Operation

(1) Calculation mode

The MAC has the following three types of calculation mode. The calculation mode to be
used is specified in MACCR<MOPMD1:0>. MACCR<MSGMD> is used to select unsigned
or signed mode. The operation of each calculation mode is explained below.

(2) 64 + 32 x 32 mode

In this mode, the contents of the MACMA register and the MACMB register are
multiplied and the result is added to the contents of the MACOR register. Then, the
result is stored back in the MACOR register.

63 0o 3 0o 31 63 0
MACOR |+| MACMA | x | MACMB |->| MACOR

(b) 64 — 32 x 32 mode

In this mode, the contents of the MACMA register and the MACMB register are
multiplied and the result is subtracted from the contents of the MACOR register. Then,
the result is stored back in the MACOR register.

63 0 31 0 31 63 0
MACOR - | MACMA | x| MACMB |wp MACOR

(¢) 32 x 32 — 64 mode

In this mode, the contents of the MACMA register and the MACMB register are
multiplied and the contents of the MACOR register are subtracted from the result.
Then, the result is stored back in the MACOR register.

31 0o 31 0 63 0 63 0
MACMA | x | MACMB | - | MACOR |—>| MACOR
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(d) Sign mode

Both multiply-accumulate and multiply-subtract operations can be executed in
unsigned or signed mode.

In signed mode, the MACMA, MACMB, and MACOR registers become signed

registers, and the most significant bit is treated as the sign bit and the data set in each
register is treated as a two’s complement value. Table 3.24.1 shows the range of values

that can be represented in each sign mode.

Table 3.24.1 Data Range in Unsigned/Signed Mode

MACMA, MACMB Registers

MACOR Register

Unsigned

0~2%1

0~2"1

Signed

T3

B8

Use signed mode when the values to be set in the MACMA and MACMB registers are
signed (two’s complement) data. Even in unsigned mode it is possible to set signed
(two’s complement) data in the MACOR register to perform additions and subtractions

in signed mode.

In case of using “sign mode”, MACCR<MSGMD> = “1”, it must need to write to
MACMA and MACMB register with longword (32bit).

(2) Calculation start trigger
As a trigger to start calculation, writing to the MACMA, MACMB or MACOR register or

soft start (MACCR<MOPST>= “1”) can be selected in MACCR<MSTTG2:0>.

(3) Overflow flag

When an overflow occurs in the calculation result (see Table 3.24.2), MACCR<MOVF> is
set to “1”. Once an overflow occurs, MACCR<MOVF> is held at “1” regardless of subsequent
calculation results. Since the overflow flag is not automatically cleared by a read operation,

it is necessary to write “0” to clear this flag.

Table 3.24.2 Overflow Definitions

Sign Mode

Calculation Result
(MACOR register value)

MACCR<MOVF>

Signed

MACOR > 2%-1

0 < MACOR < 2%-1

MACOR < 0

Unsigned

MACOR > 2%°-1

-2 < MACOR <2%_1

MACOR < —2%

R ok |- |o |-
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3.24.3 Operation Examples

(1) Unsigned multiply-accumulate operation
The following shows a setting example for calculating “33333333 + 11111111 x

222222227

Id (MACCR), 0x08 ; Unsigned multiply-accumulate mode
Start calculation by write to MACMB.

Id xde, 0x00000000

Id xhl, 0x33333333

Id xix, 0x11111111

Id xiy, 0x22222222

Id (MACORL), xhl ; Write 33333333 to MACORL.

Id (MACORH), xde ; Clear MACORH.

Id (MACMA), xix ; Write 11111111 to MACMA.

Id (MACMB), xiy ; Write 22222222 to MACMB. <—| Calculation start
Id xhl, (MACORL) ; Read lower result 0x41FDB975.

bit 7, (MACCR) ; Check over-flow error

ip nz, ERROR ; Go to error routine, if there is over-flow error

Id xde, (MACORH) ; Read upper result 0x02468ACF.

(2) Signed multiply-subtract operation
The following shows a setting example for calculating “33333333 — 11111111 x

—22222222”:
Id (MACCR), 0x25 ; Signed multiply-subtract mode
Start calculation by write of “1” to <MOPST>.
Id xde, 0x00000000
Id xhl, 0x33333333
Id xix, 0x11111111

Id xiy, OxDDDDDDDE ; —22222222

Id (MACORL), xhl ; Write 33333333 to MACORL.

Id (MACORH), xde ; Clear MACORH.

Id (MACMA), xix ; Write 11111111 to MACMA.

Id (MACMB), xiy ; Write —22222222 to MACMB.

set 5, (MACCR) ; <—| Calculation start
Id xhl, (MACORL) ; Read lower result 0x41FDB975.

bit 7, (MACCR) ; Check over-flow error

p nz, ERROR ; Go to error routine, if there is over-flow error

Id xde, (MACORH) ; Read upper result 0x02468ACF.

(3) Unsigned multiply-accumulate operation (two multiply-accumulate operations)

The following shows a setting example for calculating “(33333333 + 11111111 x
22222222) + (11111111 x 44444444)”:
Id (MACCR), 0x08 ; Unsigned multiply-accumulate mode
Start calculation by write to MACMB.
Id xde, 0x00000000
Id xhl, 0x33333333
Id Xix, 011111111
Id xiy, 0x22222222
Id Xiz, 0x44444444

Id (MACORL), xhl ; Write 33333333 to MACORL.

Id (MACORH), xde ; Clear MACORH.

Id (MACMA), xix ; Write 11111111 to MACMA.

Id (MACMB), xiy : Write 22222222 to MACMB. <— Calculation start
Id (MACMB), Xiz ; Write 44444444 to MACMB. <« Calculation start
Id xhl, (MACORL) ; Read lower result 0X5F92C5F9.

bit 7, (MACCR) ; Check over-flow error

ip nz, ERROR ; Go to error routine, if there is over-flow error

Id xde, (MACORH) ; Read upper result 0x06D3A06D.
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4. Electrical Characteristics
4.1  Absolute Maximum Ratings
Symbol Contents Rating Unit
DVCC3A -0.310 3.9
DVCC1A
DVCC1B Power Supply Voltage -0.3t0 3.0 vV
DVCCI1C
AVCC -0.3t0 3.9
-0.3 to DVCC3A+0.3 (Notel)
VN Input Voltage \%
-0.3 to AVCC+0.3 (Note 2)
loL Qutput Current (1pin) 15 mA
loH Qutput Current (1pin) -15 mA
2oL Output Current (total) 80 mA
2 IoH Output Current (total) -50 mA
Pp Power Dissipation (Ta = 85°C) 600 mw
TsoLbER Soldering Temperature (10s) 260 °C
TsTtG Storage Temperature -65 to 150 °C
TopPR Operation Temperature -0to 70 °C

Notel: If setting it, don’t exceed the Maximum Ratings of DVCC3A.
Note2: In PGO to PG5, P96,P97,VREFH,VREFL maximum ratings for AVCC is applied.

Note3: The absolute maximum ratings are rated values that must not be exceeded during operation, even for an

instant. Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device

may break down or its performance may be degraded, causing it to catch fire or explode resulting in injury to

the user. Thus, when designing products that include this device, ensure that no absolute maximum rating

value will ever be exceeded.

Solderability

Test

parameter

Test condition

Note

Solderability Use of Sn-37Pb solder Bath

Solder bath temperature = 230°C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux

Use of Sn-3.0Ag-0.5Cu solder bath
Solder bath temperature = 245°C, Dipping time = 5 seconds
The number of times = one, Use of R-type flux

Pass:
solderability rate until forming > 95%
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4.2 DC Electrical Characteristics
Symbol Parameter Min Typ. Max Unit Condition
General I/O
Power Supply Voltage
DVCC3A 3.0 3.3 3.6 \Y
(bvCC=AVCC)
(DVSSCOM=AVSS=0V) X1=6 to 10MHz
CPU CLK  |XT1=30 to 34kHz
DVCCI1A | Internal Power A (80MHz)
DVCC1B | Internal Power B 14 1.5 16 v
DVCCI1C | High CLK oscillator and PLL Power
Input Low Voltage for
DO to D7
P10 to P17 (D8 to 15), P60 to P67
P71 to P76, P90
ViLo - 0.3xDVCC3A 3.0< DVCC3A< 3.6
PC4 to PC7, PFO to PF5
PGO to PG5, PJ5 to PJ6
PNO to PN7, PRO to PR3,
PTO to PT7, PX5,
Input Low Voltage for
Vi1 - 0.3xDVCC3A 3.0<DVCC3A <36
PV6 to PV7 -0.3 Vv
Input Low Voltage for
P91 to P92, P96 to P97, PAOD to
VL2 PA7 - 0.25xDVCC3A 3.0<DVCC3A<36
PCO to PC3, PP3 to PP5, RESET
Input Low Voltage for
Vi3 - 0.1xDVCC3A 3.0<DVCC3A <36
AMO to AM1
ViLg Input Low Voltage for X1 - 0.1xDVCC1C 1.4< DVCCIC<1.6
Vs Input Low Voltage for XT1 - 0.15 xDVCC3A 3.0< DVCC3A<3.6

Note: Above power supply range is premised that all power supply of same system is equal.

(DVCC1A = DVCC1B = DVCC1C or DVCC3A = AVCC)
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Symbol

Parameter

Min

Typ.

Max

Unit

Condition

ViHo

Input High Voltage for

DO to D7

P10 to P17 (D8 to 15), P60 to P67
P71 to P76, P90

PC4 to PC7, PFO to PF5

PGO to PG5, PJ5 to PJ6

PNO to PN7, PP1 to PP2

PRO to PR3, PTO to PT7

PX5

0.7 x DVCC3A

DVCC3A +0.3

ViH1

Input High Voltage for
PV6 to PV7

0.7 x DVCC3A

DVCC3A +0.3

ViH2

Input High Voltage for
P91 to P92, P96 to P97,
PAO to PA7, PCO to PC3,
PP3 to PP5, RESET

0.75xDVCC3A

DVCC3A +0.3

ViH3

Input High Voltage for AMO to AM1

0.9 xDVCC3A

DVCC3A +0.3

ViH4

Input High Voltage for X1

0.9xDVCC1C

DVCC1C +0.3

Vins

Input High Voltage for XT1

0.85x DVCC3A

DVCC3A +0.3

3.0<DVCC3A<3.6

3.0<DVCC3A< 3.6

3.0<DVCC3A<3.6

3.0 < DVCC3A< 3.6

1.4<DVCCI1C<1.6

3.0<DVCC3A< 3.6
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Symbol

Parameter

Min

Typ.

Max

Unit

Condition

VoL

Output Low Voltagel
P90 to P92,

PCO to PC3, PC7

PFO to PF5, PK1 to PK7
PM1 to PM2, PM7

PNO to PN7, PP3 to PP6
PV6 to PV7, PX5

VoL2

Output Low Voltage2
Except VOL1 output pin

0.4

VoH1

Output High Voltagel
P90 to P92,

PCO to PC3, PC7

PFO to PF7, PK1 to PK7
PM1 to PM2, PM7

PNO to PN7, PP3 to PP6
PV6 to PV7, PX5

Vo2

Output High Voltage2
Except VOL1 output pin

2.4

loL = 0.5mA, 3.0 < DVCC3A

loL = 2mA, 3.0 < DVCC3A

lon = -0.5mA, 3.0 < DVCC3A

lon = -2mA, 3.0 < DVCC3A

IMon

Internal resistor (ON)
MX, MY pins

IMon

Internal resistor (ON)
PX, PY pins

VoL = 0.2V

VoH =Vce - 0.2V

Vcc=3.0t03.6V

Input Leakage Current

0.02

pA

0.0 <Vin < DVCC3A

lLo

Output Leakage Current

0.05

pA

0.2 < Vin < DVCC3A-0.2V

RrsT

Pull Up/Down Resistor for
RESET , PAO to PA7, P96

30

50

kQ

Cio

Pin Capacitance

10

pF

fc=1MHz

VTH

Schmitt Width for

P91 to P92, P96 to P97,
PAO to PA7, PCO to PC3,
PP3to PP5, RESET

0.6

0.8

1.0

3.0<DVCC3A<3.6

Note: Typical values are value that when Ta = 25°C and V¢ = 3.3 V unless otherwise noted.
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Symbol Parameter Min Typ. Max Unit Condition
- 15 30 DVCC3A= 3.6V
NORMAL (note2)
37 52 PLL_ON DVCCI1A,1B,1C = 1.6V
— 0.5 1 fsys=BOMHz | DVCC3A = 3.6V
IDLE2
20 35 A DVCC1A,1B,1C = 1.6V
- 12 23 DVCC3A = 3.6V
NORMAL (note2)
28 39 PLL_ON DVCC1A,1B,1C = 1.6V
IDLE2 — 0.4 0.8 fsys=60MHz | DVCC3A =3.6V
15 26 DVCC1A,1B,1C = 1.6V
Icc DLEL - 12 45 PLL_OFF DVCC3A = 3.6V
200 3200 fsys=10MHz | DVCC1A,1B,1C = 1.6V
6 35 Ta < 70°C DVCC3A = 3.6V
30 Ta < 50°C AVCC = 3.6V
800 pA Ta < 70°C DVCCI1A =1.6V
STOP - DVCCI1B =1.6V
200 DVCCIC =1.6V
600 Ta <50°C
XT = OFF
X = OFF

Notel: Typical values are value that when Ta = 25°C and Vcc = 3.3 V, DVCC1A,1B,1C = 1.5V unless otherwise

noted.

Note2: Icc measurement conditions (NORMAL, SLOW):

All functions are operational; output pins except bus pin are open, and input pins are fixed. Bus pin C,= 50pF

(Access toexternal memory at 8-wait setting )

Note3: Above Icc measurement value is a data when 16 bit external bus starting.
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4.3 AC Characteristics

The Following all AC regulation is the measurement result in following condition, if unless
otherwise noted.

AC measuring condition

o« Clock of top column in above table shows system clock frequency, and “T” shows
system clock period [ns].

« Output level: High =0.7 x DVCC3A, Low = 0.3 x DVCC3A
« Inputlevel: High =0.9 x DVCC3A, Low = 0.1 x DVCC3A

Note: In table, “Variable” shows the regulation at DVCC3A=3.0V to 3.6V, DVCC1A=DVCC1B=DVCC1C=1.4t0 1.6V.

4.3.1 Basic Bus Cycle

Read cycle
Variable )
No. Parameter Symbol : 80 MHz | 60 MHz | Unit
Min Max
1 |OSC period (X1/X2) tosc 100 166.6 - -
2 [System clock period (=T) tcve 12.5 2666 12.5 16.6
3 |SDCLK low width toL 0.5T -3 3.25 5.3
4 |SDCLK high width tcH 0.5T -3 3.25 5.3
5.1 |0 10 A23 valid _ | tao 20T-180| 7 15.3
— DO to D31 input at 0 waits|
52 A0 to A23 valid tAD4 6.0T — 18.0 57 82
— DO to D31 input at 4 waits/6 waits| tapg 8.0T — 18.0 82 115
6-1 | RD falling — DO to D31 input at O waits trRD 1.5T -18.0 0.75 7
6.2 RD falling trRD4 55T-18.0| 50.75 73.6
— DO to D31 input at 4 waits/6 waits| trpg 7.5T-18.0| 75.75 106.5
7-1|RD low width at 0 waits tRR 1.5T - 10 8.75 14.9
72| RD low width at 4 waits/6 waits 'RRa_| 55T ~10 875 | 813 | nS
tRR6 7.5T-10 83.75 114.5
8 | A0 to A23 valid - RD falling tAR 0.5T-5 1.25 3.3
9| RD falling - SDCLK rising tRK 0.5T-5 1.25 3.3
10 |AO to A23 valid — DO to D31 hold tHA 0 0
11 |RD rising — DO to D31 hold thr 0 0 0
12 | WAIT setup time tTk 20 20 20
13 | WAIT hold time tT 2 2 2
141 Data b)./te control access time for SRAM tspa 15T —18.0 0.75 7
at 0 waits
14-2 Data byte control access time for SRAM tsea4 5.5T - 18.0 50.75 73.6
at 4 waits/6waits tsBA6 7.5T-18.0| 75.75 107.0
15 | RD high width tRRH 05T-5 1.25 3.3

AC measuring condition

e Data_bus, Address_bus, various function control signal capacitance C, = 50 pF
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Write cycle
Variable )
No. Parameter Symbol : 80MHz | 60MHz | Unit
Min Max
DO to D31 valid
16-1 N . . tow 1.0T-6.0 6.5 10.6
— WR XX rising at 0 waits|
162 DO to D31 valid tow2 3.0T-6.0 31.5 43.8
— WR xx rising at 2 waits/4 waits|  tpwa 50T - 6.0 56.5 77.0
17-1 [ WR xx low width at 0 waits tww 1.0T -4.0 8.5 12.6
N t 3.0T-4.0 33.5 45.8
17-2 | WR xx low width at 2 waits/4 waits WW2
twwa 5.0T - 4.0 58.5 79.0
18 | A0 to A23 valid - WR falling taw 0.5T - 5.0 1.25 3.3
19 | WR xx falling — SDCLK rising twi 0.5T -5.0 1.25 3.3
20 | WR xx rising — A0 to A23 hold twa 0.5T-5.0 1.25 3.3
21 | WR xx rising — DO to D31 hold twp 0.5T-5.0 1.25 3.3
22 | RD rising — DO to D31 output tRDO 0.5T-1.0 5.25 7.3
ns
23-1 |Write width for SRAM at 0 waits tswp 1.0T-4.0 8.5 12.6
. ) ) ) tswp2 3.0T -4.0 33.5 45.8
23-2 |Write width for SRAM at 2 waits/4 waits
tswp4 5.0T - 4.0 58.5 79.0
Data byte control ~ end of write
24-1 . tsw 1.0T-4.0 8.5 12.6
for SRAM at 0 waits
242 Data byte control ~ end of write tspw2 3.0T-4.0 335 45.8
for SRAM at 2 waits/4 waits tsBw4 5.0T - 4.0 58.5 79.0
25 [Address setup time for SRAM tsas 0.5T-5.0 1.25 3.3
26 |Write recovery time for SRAM tsSWR 0.5T -5.0 1.25 3.3
27-1 |Data setup time for SRAM at 0 waits tsps 1.0T-6.0 6.5 10.6
972 Data setup time for SRAM tsps2 3.0T-6.0 315 43.8
at 2 waits/4 waits tspsa 5.0T - 6.0 56.5 77.0
28 |Data hold time for SRAM tspH 0.5T - 5.0 1.25 3.3
AC measuring condition
e Data_bus, Address_bus, various function control signal capacitance C, = 50 pF
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(1) Read cycle (0 waits)

tosc
X1 | |
tcyc
1 1 1
: tcL N tcH N
1 1 1
(' N |
SDCLK y ES‘ E’Z i
| i | | |
| | trk | [ kT | |
1 1 1 1
WA ' . F ' 3 ' '
1 1 / 1 \ 1 1
T T 1 T T
I I I I I
1 1 1 1 1
1 1 1 1 1
1 ] 1 1 1
N | | | h
AO to A23 i ! ! ! i
I i I I I
1 1 1 1 1
1 1 1 1 1
! : o ! !
Csn :\t : | | '5(
: : : : 1,
: ! : : A
_ 4 b
R/W 1 1 1 1
_ ! | | N
1 1 1 1 1
L, : o
L 4 N | | | —
/Y N : : f
\ tRRH : i tRR i i
1 A T t T A
| 1 | RD ! |
1 | 1 A 1
— : : :L 1
DO to D31 i ) E i I{( Datainput ;| }
| I | | |
1 ] 1 1 1
1 1 tsBaA ! 1 1
1 1 T > 1
1 1 1
SRxxB : ht : : :/
: : 1 1 1
1 1 1 1 1
SRWR |
I
1
1
1

Notel: The phase relation between X1 input signal and the other signals is undefined.

Note2: The above timing chart show an example of basic bus timing. The CSn, R/W , RD, WRxx , SRxxB, SRWR

pins timing can be adjusted by memory controller timing adjust function.
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tosc

(2) Write cycle (0 waits)
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Note2: The above timing chart show an example of basic bus timing. The CSn, R/W, RD, WRxx, SRxxB, SRWR
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(3) Read cycle (1 wait)
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4.3.2 Page ROM Read Cycle
(1) 3-2-2-2 mode
Variable .
No. Parameter Symbol : 80 MHz | 60 MHz | Unit
Min Max

1 [System clock period (=T) tcye 12.5 2666 12.5 16.6

2 |A0, A1 — DO to D31 input taD2 2.0T-18 7 15.2

3|A2 to A23 — DO to D31 input taD3 3.0T-18 19.5 31.8

4 |RD falling — DO to D31 input trRD3 2.5T-18 13 24

5 | A0 to A23 Invalid — DO to D31 hold tpa 0 0 0

6 | RD rising — DO to D31 hold tHR 0 0 0

AC measuring condition

Note: The (a), (b) and (c) of “Symbol” in above table depend on the falling timing of RD pin. The falling timing of RD
pin is set by MEMCRO<RDTMG1:0> in memory controller. If MEMCRO<RDTMG1:0> is set to “00”, it correspond
with (a) in above table, and “01” is (b), “10” is (c).

SDCLK

DO to D31

R

I
>

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 h 1 h 1 h 1 h 1 h 1 h 1 h 1 h 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 | 1 | 1 | 1 | 1 | [ | 1 | 1 | 1
| | | | | | | | | | | | | | | | |
1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
! ! ! ! ! ! 0t ! ! 0t ! ! 0t ! ! !
I I I I I I I I I I I I I I N
1 1 1 140 1 1 | 1 1 +4 | 1 1 +8 1 | 1 14121 |
| | | | | Ah__! | | Ah__! | | Ah__! | | 7
1 T T T T T 1 T T T 1 T T T 1 T T T 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | 7
1 T T T T T T T T T T T T T T T T T 1
1 | | 1 1 1 1 1 1 1 !
Ve tAD3 ——|, || taD2 =], ||j<— taD2 =], || [ taD2 =], —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 | | | | | | | | | | | | | | | | | )
I I T T T T T T T T T T T T T T T T 1
| | | | | ! | | | ! | | | ! | | |
1 1 tRD3 i —|l<—itHA | 1 —Hfe—tHA, i —Ae—tHA | —s
1 1 1 1 1 T 1 1 T 1 1 T 1 1 T
1 1 1 1 1 gcl Data E 1 1 gcl Data E 1 1 gcl Data E 1 1 gcl Data |
1 1 1 1 1 éinput 1 1 1 éinput 1 1 1 éinput 14 1 1 éinput !
1 1 1 1 1 Y T 1 1 Y T 1 1 Y T 1 1 Y T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
| | | | | | | | | | | | | | | | | | |

Page Mode Access Timing (when using a 16-byte page size example)

11

py)
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4.3.3 SDRAM controller AC Characteristics
Variable ]
No. Parameter Symbol : 80 MHz | 60 MHz | Unit
Min Max
1 Ref/Active to ref/active |[<STRC[2:0]>= “000" ; T 125 16.6
command period <STRC[2:0]>= “110” RC 7T 87.5 116.2
Active to precharge  |[<STRC[2:0]>= “000"] ¢ 2T (Notel) 25.0 33.2
command period <STRC[2:0]>= “110" RAS 7T 87.5 116.2
3 Active to read/write <STRCD>="0" : T 12.5 16.6
command delay time <STRCD>= “1" RCD 2T 25.0 33.2
4 Precharge to active <STRP>="0" ‘ T 12.5 16.6
command period <STRP>=*“1" RP 2T 25.0 33.2
5 Active to active <STRC[2:0]>= "000" ¢ 3T (Note2) 37.5 49.8
command period <STRC[2:0]>= “110" RRD 7T 87.5 116.2
_ _ <STWR>= “0” T 12.5 16.6
6 | Write recovery time twr
<STWR>= “1" 2T 25.0 33.2
7 |CLK cycle time tck T 12.5 16.6
8 [ CLK high level width tcH 0.5T - 3 3.25 5.3
9 | CLK low level width tcL 0.5T -3 3.25 5.3
ns
Access time from CLK(CL* =2)
10-1 . tac T-16 -35 0.6
<SRDS>= “0"(Read data shift OFF)
Access time from CLK(CL* =2)
10-2 . tac T-6.5 6 10.1
<SRDS>= “1"(Read data shift ON)
11 | Data hold time from internal read tHR 0 0 0
. 1Word/Single {ps 0.5T -4 2.25 4.3
12 | Data set-up time
Burst tbs 0.5T -4 2.25 4.3
. 1Word/Single tbH T-10 2.5 6.6
13 | Data hold time
Burst tpH 0.5T -4 2.25 4.3
14 | Address set-up time tas 0.5T -4 2.25 4.3
15 | Address hold time tAH 0.5T -4 2.25 4.3
16 | CKE set-up time tcks 0.5T-3 3.25 5.3
17 | Command set-up time tcms 0.5T -3 3.25 5.3
18 | Command hold time tcMH 0.5T -4 2.25 4.3
19 | Mode register set cycle time tRsc T 12.5 16.6

*CL: CAS latency

AC measuring condition

e SDCLK pin C. = 30 pF, Other pins C_ =50 pF

Notel: The Minimum cyclye of “Active to pre-charge command period” is 2T (2 clocks) because the cycle of
“READ/WRITE + PRECHARGE" occur by SDCISR<STRC2:0>="000", “001” and "010". If other settigs the

above setiing, the clolck is value of “Register setting velue +1”. (ex. if “010” setting, the clock is 3clocks.)

Note 2: The Minimum cyclye of “Active to active command period” is 3T (3 clocks) because the clycle of
“READ/WRITE + PRECHARGE + ACTIVE” occur by SDCISR<STRC2:0>="000", “001” and "010". If other
settigs the above setiing, the clolck is value of “Register setting velue +1". (ex. if “011” setting, the clock is 4

clocks.)
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(1) SDRAM read timing (1Word length read mode, <SPRE>= “1”)

| tcK
ook A N4 N N S A ]
tcH tcL RCD tRAS tHp
SDxxDQM / \t 7/
tcms tcms | temH
SDCS / \( 7/ \ {
tCMH

SoRAS / \ ) | /

{RRD
SDCAS / \t 7/ \ {
SDWE / \—Z

tAS tAH
AO to A9 >€: Row X Column §<
[
tas ' taH

Al10 X Row / \
Allto A15 X Row X

taC tHR

o

DO to D15 ><: Data input
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(2) SDRAM write timing (Single write mode, <SPRE>= “1”)

| tcK
e /N A N ) S
ton teL tRCDt twRr tRP
M
SDxxDQM / \(C > 7/
tcms tRRD
s 7\ %

tCMH

SDRAS / \t 7[
{CMH
SDCAS / \; 7/

1 A1 ~1
N NN NN

RhS
SDWE / \( ,/
|
tAS tAH
¥

A0 to A9 >§‘_ Row x Column ><

tas tAH
A10 X Row / \
All to A15 X Row X

DS {DH
.'s '

DO to D15 >_1\_ Data output _j(
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SDCLK / \ /

SDxxDQM

SDCS

SDRAS

SDCAS

(3) SDRAM burst read timing (Start burst cycle)

tcK

1

\__/

tcms

C\__/

N
N
N
sowe

tMRD

\

_l_\—

tRCD

tcms

tCMH

N

tCMH

tcms

tcMH

tas tAH |\ tas | tAH - tas
I
AOto A9 X 27 N Row X Column
A10 \ 7/ Row \
/s
A1l to A5 )1‘c 0 N Row
| tac taC taC
! | |
DO to D15 X Data input :& Data input -Dafi
| e o g
tHR tHR
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(4) SDRAM burst read timing (End burst timing)

ek
tcMH_, , tcms trp
SDXXDQM 72‘
tcms | tcMH tcms | temH

s |\ /T /

SDRAS \ /

SDCAS

jujugng
NINENEN

swe |\ /TN

AOto A9 Column X
|LtAs
X
Al0 *
Allto A15 Row X
| tAC
|
DO to D15 X Data input X Data input :5(
tHR tHR
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(5) SDRAM initializes timing

tcK

ook N\ N\ / A -\

tRC

SDxxDQM
tcms
SDCS \ y/ \ | ! |

SDRAS

tcms | tcmH tcms| tomH tcms | temH

SoCAS \ / \

tCMH
SDWE \t |{ \( |

A0 to A9 \ 220
LtAs | tAH
A10 % \ /

T B
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(6) SDRAM refreshes timing

tcK

SDCLK / \ /‘_\_/‘ \ /

tRC
SDxxDQM /

tcms | temH

SDCS / \( 7/
SDRAS / \( 7/
SDCAS / \( 7/
SDWE /

GRS

(7) SDRAM self refresh timing

tcK

soc N \/ \ i o tre

tcms | tcmH

SDXXDQM )

SDCS \ / /

SDRAS \ /

SDCAS \ /

= //
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434 NAND Flash Controller AC Characteristics

Variable 80 MHz|60 MHz
No. | Symbol Parameter . (n=3) | (n=3) | Unit
Min Max
(m=3) | (m=3)
1 INC Access cycle 2+n+m)T 100 132
2 tRP NDRE low level width 1.5+n)T-12 45 63
3 tREA NDRE data access time (1.5+n)T-15 41 60
4 toH Read data hold time 0 0 0 ns
5 twp NDWE low level width (1.0+n)T - 20 30 47
6 tbs Write data setup time (1.0+n)T-20 30 47
7 tDH Write data hold time 0O5+m)T-2 42 56
AC measuring condition
Notel: The “n” in “Variable” means wait-number which is set to NDFMCRO<SPLW1:0>, and “m” means number
which is set to NDFMCRO<SPHW1:0>.
Example: If NDFMCRO<SPLW1:0> is setto “01", n=1,tgp=(1.5+n) T-12=25T - 12
Note2: In above variable, the setting that result is minus can not use.
' tcyc i
¢ :I
| SPLW1:0="01" SPHW1:0="01",
| : P \ —
! T [} ] I 1 I
SDCLK _/_:\_/_\_/ ' \ / \ 1/ \
\ ! | | | 1 |
h ! | | | | |
! | | 1 1 |
! ! . ! ! L |
AO to A23 >< i I I I I X
A | :
: 1 : trP : 1 :.l 1
g —N L :
NDRE ' 'Y h ) ' :
! ! 1 1 1 1 !
' ! 1 ) 1 |
\ : | | | | I
— ! ! i ) i i ]
Read NDWE : | | ) | | 1
cycle : : : tREA : ! : :
' : : ! : | ofton
: ! | | y—r - \ |
DO to D7 ' ' : ' { !Datainput [} |
DOto D15 ! ! . ¢ ] :
N | | | |
(" NORE ! | : : | | |
: ! | | | | |
! | | 1 1 |
: ! I twp 1 | | |
! : . . . : |
Write —_— : ! | 1R’ 1 T
oycle NDWE : Y | E E,Z | |
! ! i 1 Ips i ot
! 1 ] ] | ] .| PH
! 1 y ] \
DO to D7 ! o Data output b
-~ DOtoD15 D , : . v
1 . 3 L . B 1
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[ Output mode/
Input rising mode

TOSHIBA TMP92CF30
4.3.5  Serial channel timing
(1) SCLK input mode (I/O interface mode)
Variable .
Parameter Symbol : 80 MHz | 60 MHz | Unit
Min Max
SCLK cycle tscy 16T 200 266
Output data — SCLK rising/ falling toss tscy/2 — 4T - 30 20 36.4
SCLK rising/ falling — Output data hold| toHs tscy/2 + 2T - 20 105 146 ns
SCLK rising/ falling — Input data hold tHSR 2T + 10 35 43
SCLK rising/ falling — Input data valid tSrD tscy — 20 180 246
Input data valid —» SCLK rising/ falling tRDS 20 20 20
(2) SCLK output mode (I/O interface mode)
Variable .
Parameter Symbol : 80 MHz |60 MHz | Unit
Min Max
SCLK cycle (Programmable) tscy 16T 8192T 200 266
Output data — SCLK rising/ falling toss tscy/2 — 40 60 93
SCLK rising/ falling — Output data hold|  toHs tscy/2 — 40 60 93 ns
SCLK rising/ falling — Input data hold tHSR 0 0 0
SCLK rising/ falling — Input data valid tsrRD tscy— 1T - 50 137.5 199
Input data valid —» SCLK rising/ falling tRDS 1T + 50 62.5 66
L tscy |

(Input falling rﬁgdl_eg | A m
toss | toHs
| I G SR G
tsRD tRDS

Input data lk i SR

pu

RXD X o X Xt X Xz X X s X

Valid Valid Valid Valid
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4.3.6  Timer input pulse (TAOIN,TA2IN,TBOINO,TB1INO)

Variable )
Parameter Symbol : 80 MHz |60 MHz | Unit
Min Max
Clock cycle tyck 8T+100 200 234
Low level pulse width tveKL AT + 40 90 107 ns
High level pulse width tvCKH 4T + 40 90 107
4.3.7 Interrupt operation
Variable )
Parameter Symbol : 80 MHz | 60 MHz | Unit
Min Max
INTO~INT7 low width tNTAL 2T +40 65 74 ns
INTO~INT7 high width tNTAH 2T + 40 65 74

4.3.8 USB Timing (Full-speed)
DVCCA =3.3+0.3 V/fysg = 48 MHz

Parameter Symbol Min Max Unit
D+, D—rising time R 4 20 ns
D+, D- falling time te 4 20
Output signal crossover Y,
putsig Vers 13 2.0
voltage

AC measuring condition

Measuring
TMP92CF30 positoin gy
R1=27Q l R3=1.5kQ
D+
R1=27Q X
D- M\ P
R2 =15 kQ % s J-
1 l l CL=50pF

|
| 90% 90%
D+, D- VcRrs 10% 10%
R

— tF —>|
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439 1°S Timing

Variable )
Parameter Symbol : 80 MHz [60 MHz| Unit
Min Max
I12SCKO clock period tcr tic 100 100
I2SCKO high width thg 0.5 tcgr — 15 35 35
12SCKO low width B 0.5tcr - 15 35 35 ns
I12SDO, 12SWS setup time tsp 0.5tcr — 15 35 35
I2SDO, 12SWS hold time tHD 05tcr— 8 42 42
{CR
LB tHB
I2SCKO \ ZL \( 7Z£ !SH
tHD tsb tHD

12SDO X oj: :5(

L1
12SWS
|

Note: The Maximum operation frequency of 12SCKO in I°S circuit is 10MHz. Don’t set I2SCKO to value more than
10MHz.

AC measuring condition
e |2SCKO, 12SDO and I2SWS pins C, = 30 pF
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4.3.10 SPI Controller

Variable )
Parameter Symbol : 80 MHz (60 MHz| Unit
Min Max
SPCLK frequency (= 1/S) fpp 20 20 15 MHz
SPCLK rising time tr 6 6 6
SPCLK falling time tf 6 6 6
SPCLK low width twiL 0.5S -6 19 28
SPCLK high width twH 0.55-6 19 28
Output data valid
n . tops 0.5S-18 7 15
— SPCLK rising/falling ns
SPCLK rising/ falling
topH 0.5S -10 15 23.4
— Output data hold
Input data valid
- . tips 5 5 5
— SPCLK rising/ falling
SPCLK rising/ falling
| UbH 5 5 5
— Input data valid

AC measuring condition
oClock of top column in above table shows system clock frequency, and “S” in “Variable”
show SPCLK clock cycle [ns].

e C_=25pF
1
! : 1 | |
: fpp [ 1 | 1
! — | t | | |
SPCLK output ' 07 veck |t ! WL s tm ' ,
(at SPIMD<TCPOL,RCPOL>= “11") IE' 0.2Vee ' / ' '
le— | | 1

SPCLK output
(at SPIMD<TCPOL,RCPOL>= “00")

|
|

=
o
|v]
Q-

. tODH
A 1 p
SPDO output ' §<
! 7
1
|
tiDs, tiDH

SPDI Input
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4.4 AD Conversion Characteristics

Parameter Symbol Condition Min Typ. Max Unit
Analog reference voltage (+) VREFH AVCC -0.2 AVCC AVCC
Analog reference voltage (-) VREFL DVSS DVSS DVSS +0.2
AD converter power supply AVCC

DVCC3A DVCC3A DVCC3A \

voltage
AD converter ground AVSS DVSS DVSS DVSS
Analog input voltage AVIN VREFL VREFH
Analog current for analog IREFON <VREFON> ="“1" 0.38 0.45 mA
reference voltage IREFOFF <VREFON> =*“0" 1 5 pA
Total error
(Quantize error of +0.5 LSB is Et Conversion speed at 12us +2.0 +4.0 LSB
included)

Notel: 1 LSB = (VREFH-VREFL)/1024[V]

Note2: Minimum frequency for operation
Minimum clock for AD converter operate is 3MHz. (Clock frequency that is seleted by Clock gear > fgyg=
3MHz)

Note3: The power supply current from AVCC pin is included in the power supply current of Ve pin (Icc).
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4.5 Recommended Oscillation Circuit
The TMP92CF30 has been evaluated by the oscillator vender below. Use this information

when selecting external parts.

Note: The total load value of the oscillator is the sum of external loads (C1 and C2) and the floating load of the actual
assembled board. There is a possibility of operating error when using C1 and C2 values in the table below.
When designing the board, design the minimum length pattern around the oscillator. We also recommend that
oscillator evaluation be carried out using the actual board.

(1) Connection example

X1 X2 XT1 XT2
0 0

S 25

>
>

<
3

=Rd Rd
t—— 1
c1 /I c2 /I c1 yi c2 )i

High-frequency oscillator Low-frequency oscillator

(2) Recommended ceramic oscillator

TMP92CF30 recommends the high-frequency oscillator by Murata Manufacturing Co., Ltd.

Please refer to the following URL;
http://www.murata.com/
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5. Table of Special function registers (SFRS)

The SFRs include the I/O ports and peripheral control registers allocated to the 8-Kbyte address

space from 000000H to 001FFOH.

(1) T/O Port

(2) Interrupt control

(3) Memory controller

(4) TSI(Touch screen I/F)
(5) SDRAM controller

(6) USB controller

(7) SPI controller

(8) MMU

(99 NAND-Flash controller
(10) DMA controller

Table layout

(11) Clock gear, PLL

(12) 8-bit timer

(13) 16-bit timer

(14) SIO

(15) SBI

(16) AD converter

(17) Watchdog timer
(18)RTC(Real time clock)
(199MLD(Melody/alarm generator)
(20)128

(21) MAC

Symbol Name Address

\ \ Bit Symbol

Read/Write

Initial value after system reset

Remarks

/I

Note: “Prohibit RMW"” in the table means that you cannot use RMW instructions on these register.

Example: When setting bit0 only of the register PxCR, the instruction “SET 0, (PxCR)” cannot be used. The LD
(transfer) instruction must be used to write all eight bits.

Read/Write

R/W: Both read and write are possible.

R: Only read is possible.
Ww: Only write is possible.

W*: Both read and write are possible (when this bit is read as1)

Prohibit RMW: Read modify write instructions are prohibited. (The EX, ADD, ADC, BUS,
SBC, INC, DEC, AND, OR, XOR, STCF, RES, SET, CHG, TSET, RLC,
RRC, RL, RR, SLA, SRA, SLL, SRL, RLD and RRD instruction are read
modify write instructions.)

R/W*: Read modify write is prohibited when controlling the pull-up resistor.

92CF30-570

2009-06-12



TOSHIBA TMP92CF30
Table 5.1 I/O Register Address Map
[1] Port (1/2)
Address Name Address Name Address Name Address Name
0000H 0010H | P4 0020H | P8 0030H | PC

1H 1H 1H | PBFC2 1H | PCFC2
2H 2H 2H 2H| PCCR
3H 3H | P4AFC 3H | PSFC 3H | PCFC
4H | P1 4H | P5 4H | P9 4H
5H 5H 5H | P9FC2 5H
6H | P1CR 6H 6H | PO9CR 6H
7H | P1FC 7H | P5FC 7H | P9FC 7H
8H 8H | P6 8H | PA 8H
9H 9H 9H 9H
AH AH | P6CR AH AH
BH BH | P6FC BH | PAFC BH
CH CH|P7 CH CH| PF
DH DH DH DH
EH EH | P7CR EH EH | PFCR
FH FH | P7FC FH FH | PFFC

Address Name Address Name Address Name Address Name

0040H | PG 0050H | PK 0060H | PP 0070H | Reserved
1H 1H 1H | PPFC2 1H | Reserved
2H 2H 2H | PPCR 2H | Reserved
3H | PGFC 3H | Reserved 3H | PPFC 3H | Reserved
4H 4H | PL 4H| PR 4H | Reserved
5H 5H | PLFC2 5H 5H | Reserved
6H 6H | PLCR 6H | PRCR 6H | Reserved
7H 7H | PLFC 7H | PRFC 7H | Reserved
8H 8H | PM 8H 8H | Reserved
9H 9H 9H 9H | Reserved
AH AH AH AH ] Reserved
BH BH | PMFC BH BH | Reserved
CH|PJ CH|] PN CH CH | Reserved
DH DH DH DH | Reserved
EH | PIJCR EH | PNCR EH EH | Reserved
FH | PJFC FH | PNFC FH FH | Reserved
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[1] Port (2/2)
Address Name Address Name Address Name Address Name
0080H 0090H | PGDR O00AQH | PT 00BOH | PX
1H ] P1DR 1H 1H ] PTFC2 1H | PXFC2
2H 2H 2H| PTCR 2H | PXCR
3H 3H | PJDR 3H| PTFC 3H | PXFC
4H | P4ADR 4H | PKDR 4H 4H
5H | P5DR 5H | PLDR 5H 5H
6H | P6DR 6H | PMDR 6H 6H
7H | P7DR 7H | PNDR 7H 7H
8H | PBDR 8H | PPDR 8H | PV 8H
9H | PO9DR 9H | PRDR 9H | PVFC2 9H
AH | PADR AH AH ] PVCR AH
BH BH | PTDR BH | PVFC BH
CH | PCDR CH CH CH
DH DH | PVDR DH DH
EH EH EH EH
FH ]| PFDR FH | PXDR FH FH
Note: Do not access no allocated name address.
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[2] INTC
Address Name Address Name Address Name Address Name
00DOH | INTE12 00EOH | INTESBIADM 00FOH | INTEO 0100H | DMAOV
1H | INTE34 1H | INTESPI 1H | INTETCO1 1H | DMAL1V
/INTEDMAO1
2H | INTE56 2H | Reserved 2H | INTETC23 2H | DMA2V
/INTEDMA23
3H|INTE? 3H | INTEUSB 3H | INTETC45 3H | DMA3V
/INTEDMA45
4H | INTETAOL 4H | Reserved 4H | INTETC67 4H | bmMA4V
5H | INTETA23 5H | INTEALM 5H | SIMC 5H | DMA5V
6H | INTETA45 6H | Reserved 6H | IMCO 6H | DMABV
7H | INTETA67 7H 7H | INTWDT/NMI 7H | DMA7V
8H | INTETBO 8H | INTERTC 8H | INTCLR 8H | DMAB
9H | INTETB1 9H | INTEKEY 9H 9H | DMAR
AH AH | Reserved AH | nmc1 AH | DMASEL
BH | INTESO BH | INTEI2SO0 BH BH
CH]INTES1 CH| INTENDFC CH CH
DH DH | Reserved DH DH
EH EH | INTEPO EH EH
FH FH | INTEAD FH | Reserved FH
[3] MEMC [4] TSI
Address Name Address Name Address Name Address Name
0140H | BOCSL 0150H 0160H 01FO0H | TSICRO
1H | BOCSH 1H 1H 1H | TSICR1
2H | MAMRO 2H 2H 2H | Reserved
3H | MSARO 3H 3H 3H
4H | B1CSL 4H 4H 4H
5H | BICSH 5H 5H 5H
6H | MAMR1 6H 6H | PMEMCR 6H
7H | MSAR1 7H 7H 7H
8H | B2CSL 8H | BEXCSL 8H | CSTMGCR 8H
9H | B2CSH 9H | BEXCSH 9H | WRTMGCR 9H
AH | MAMR2 AH AH | RDTMGCRO AH
BH | MSAR2 BH BH | RDTMGCR1 BH
CH|]B3CSL CH CH| BROMCR CH
DH | B3CSH DH DH | RAMCR DH
EH | MAMR3 EH EH EH
FH | MSAR3 FH FH FH
Note: Do not access no allocated hame address.
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[5] SDRAMC
Address Name
0250H | SDACR

1H | SDCISR
2H | SDRCR
3H | SDCMM
4H | SDBLS
5H
6H
7H
8H
9H
AH
BH
CH
DH
EH
FH

Address Name Address Name Address Name Address Name

0280H | Reserved 0290H | Reserved 02A0H | Reserved 02FOH | Reserved
1H | Reserved 1H | Reserved 1H | Reserved 1H
2H | Reserved 2H | Reserved 2H | Reserved 2H
3H | Reserved 3H | Reserved 3H 3H
4H | Reserved 4H | Reserved 4H | Reserved 4H
5H ] Reserved 5H | Reserved 5H | Reserved 5H
6H | Reserved 6H | Reserved 6H | Reserved 6H
7H | Reserved 7H | Reserved 7H 7H
8H | Reserved 8H | Reserved 8H | Reserved 8H
9H | Reserved 9H | Reserved 9H | Reserved 9H
AH | Reserved AH AH | Reserved AH
BH | Reserved BH BH | Reserved BH
CH | Reserved CH CH | Reserved CH
DH | Reserved DH DH | Reserved DH
EH | Reserved EH EH | Reserved EH
FH | Reserved FH FH | Reserved FH
Note: Do not access no allocated name address.
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[6] USBC (1/2)

Address Name Address Name Address Name Address Name
0500H | Descriptor 0780H | ENDPOINTO 0790H | EPO_STATUS 07A0H
to RAM 1H | ENDPOINT1 1H | EP1_STATUS 1H| EP1_SIZE_L_B
067FH | (384 byte) 2H | ENDPOINT2 2H | EP2_STATUS 2H|EP2_SIZE_ L B
3H | ENDPOINT3 3H | EP3_STATUS 3H| EP3_SIZE_L_B
4H 4H 4H
5H 5H 5H
6H 6H 6H
7H 7H 7H
8H | Reserved 8H | EPO_SIZE_L_A 8H | Reserved
9H | EP1_MODE 9H| EP1_SIZE L_A 9H | EP1_SIZE_H_A
AH | EP2_MODE AH|EP2_SIZE_L_A AH | EP2_SIZE_H_ A
BH | EP3_MODE BH|EP3 SIZE_L_A BH | EP3_SIZE_H_A
CH CH CH
DH DH DH
EH EH EH
FH FH FH
Address Name Address Name Address Name
07BOH 07COH | bmRequestType 07DOH | COMMAND
1H | EP1_SIZE_H_ B 1H | bRequest 1H | EPx_SINGLE1
2H ]| EP2_SIZE_H B 2H J wValue_L 2H | Reserved
3H| EP3_SIZE_H B 3H | wvalue_H 3H | EPx_BCS1
4H 4H | windex_L 4H | Reserved
5H 5H J windex_H 5H | Reserved
6H 6H | wLength_L 6H | INT_Control
7H 7H J wLength_H 7H | Reserved
8H 8H | SetupReceived 8H | Standard Request Mode
9H 9H | Current_Config 9H | Request Mode
AH AH | Standard Request AH | Reserved
BH BH | Request BH | Reserved
CH CH | DATASET1 CH | Reserved
DH DH | DATASET2 DH | Reserved
EH EH | USB STATE EH | ID_CONTROL
FH FH | EOP FH | ID_STATE

Note: Do not access no allocated name address.
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[6] USBC (2/2)
Address Name Address Name
O7EOH | Port Status 07FOH | USBINTFR1
1H | FRAME_L 1H | USBINTFR2
2H | FRAME_H 2H | USBINTFR3
3H | ADDRESS 3H | USBINTFR4
4H | Reserved 4H | USBINTMR1
5H | Reserved 5H | USBINTMR2
6H | USBREADY 6H | USBINTMR3
7H | Reserved 7H | USBINTMR4
8H | Set Descriptor STALL 8H | USBCR1
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
Note: Do not access no allocated name address.
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[71 SPIC
Address Name Address Name
0820H | SPIMD 0830H | SPITDO

1H | SPIMD 1H | SPITDO
2H | SPICT 2H | SPITD1
3H | SPICT 3H | SPITD1
4H | SPIST 4H | SPIRDO
5H | SPIST 5H | SPIRDO
6H | SPICR 6H | SPIRD1
7H | SPICR 7H | SPIRD1
8H 8H
9H 9H
AH AH
BH BH
CH | sPIIE CH
DH | SPIIE DH
EH EH
FH FH

[8] MMU

Address Name Address Name Address Name Address Name

0880H | LOCALPX 0890H | LOCALRX 08AOH | LOCALESX 08BOH | LOCALOSX
1H | LOCALPX 1H | LOCALRX 1H | LOCALESX 1H | LocALOSX
2H | LOCALPY 2H | LOCALRY 2H | LOCALESY 2H | LOCALOSY
3H | LOCALPY 3H | LOCALRY 3H | LOCALESY 3H | LOCALOSY
4H | LOCALPZ 4H | LOCALRZ 4H | LOCALESZ 4H | LOCALOSZ
5H | LOCALPZ 5H | LOCALRZ 5H | LOCALESZ 5H | LOCALOSZ
6H 6H 6H 6H
7H 7H 7H 7H
8H | Reserved 8H | LOCALWX 8H | LOCALEDX 8H | LOCALODX
9H | Reserved 9H | LOCALWX 9H | LOCALEDX 9H | LOCALODX
AH | Reserved AH | LOoCcALWY AH | LOCALEDY AH | LOCALODY
BH | Reserved BH | LOCALWY BH | LOCALEDY BH | LocALODY
CH | Reserved CH|LocAaLwz CH | LOCALEDZ CH | LocALODZ
DH | Reserved DH | LOCALWZ DH | LOCALEDZ DH | LOCALODZ
EH EH EH EH
FH FH FH FH
Note: Do not access no allocated name address.
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TOSHIBA TMP92CF30
[9] NAND-Flash controller

Address Name Address Name Address Name
08COH | NDFMCRO 08DOH | NDRSCAO 1FFOH | NDFDTRO
1H | NDFMCRO 1H | NDRSCAO 1H | NDFDTRO
2H | NDFMCR1 2H | NDRSCDO 2H | NDFDTR1
3H | NDFMCR1 3H 3H | NDFDTR1

4H | NDECCRDO 4H | NDRSCAL 4H

5H | NDECCRDO 5H | NDRSCAL 5H

6H | NDECCRD1 6H | NDRSCD1 6H

7H | NDECCRD1 7H 7H

8H | NDECCRD2 8H | NDRSCA2 8H

9H | NDECCRD2 9H | NDRSCA2 9H

AH | NDECCRD3 AH | NDRSCD2 AH

BH | NDECCRD3 BH BH

CH | NDECCRD4 CH | NDRSCA3 CH

DH | NDECCRD4 DH | NDRSCA3 DH

EH EH | NDRSCD3 EH

FH FH FH

Note: Do not access no allocated name address.
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TOSHIBA TMP92CF30

[10] DMAC
Address Name Address Name Address Name Address Name
0900H | HDMASO 0910H | HDMAS1 0920H | HDMAS2 0930H | HDMAS3

1H | HDMASO 1H | HDMAS1 1H | HDMAS2 1H | HDMAS3
2H | HDMASO 2H | HDMAS1 2H | HDMAS2 2H | HDMAS3
3H 3H 3H 3H
4H | HDMADO 4H | HDMAD1 4H | HDMAD2 4H | HDMAD3
5H | HDMADO 5H | HDMAD1 5H | HDMAD2 5H | HDMAD3
6H | HDMADO 6H | HDMAD1 6H | HDMAD2 6H | HDMAD3
7H 7H 7H 7H
8H | HDMACAO 8H | HDMACA1 8H | HDMACA2 8H | HDMACA3
9H | HDMACAO 9H | HDMACA1 9H | HDMACA2 9H | HDMACA3
AH | HDMACBO AH | HDMACB1 AH | HDMACB2 AH | HDMACB3
BH | HDMACBO BH | HDMACB1 BH | HDMACB2 BH | HDMACB3
CH | HDMAMO CH | HDMAM1 CH | HDMAM2 CH | HDMAM3
DH DH DH DH
EH EH EH EH
FH FH FH FH

Address Name Address Name Address Name

0940H | HDMAS4 0950H | HDMASS 0970H

1H | HDMAS4 1H | HDMASS5 1H
2H | HDMAS4 2H | HDMASS5 2H
3H 3H 3H
4H | HDMAD4 4H | HDMADS 4H
5H | HDMAD4 5H | HDMADS 5H
6H | HDMAD4 6H | HDMADS 6H
H H H
8H | HDMACA4 8H | HDMACAS 8H
9H | HDMACA4 9H | HDMACAS 9H
AH | HDMACB4 AH | HDMACB5 AH
BH | HDMACB4 BH | HDMACB5 BH
CH | HDMAM4 CH | HDMAM5 CH | Reserved
DH DH DH | Reserved
EH EH EH | HDMAE
FH FH FH | HDMATR

Note: Do not access no allocated name address.
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TOSHIBA TMP92CF30
[11] CGEAR, PLL [12] 8-bit timer
Address Name Address Name Address Name
10EOH | SYSCRO 1100H | TAOIRUN 1110H | TA45RUN
1H | sYScRr1 1H 1H
2H | SYSCR2 2H | TAOREG 2H | TA4REG
3H | EMCCRO 3H | TAIREG 3H | TASREG
4H | EMCCR1 4H | TAOIMOD 4H | TA45MOD
5H | EMCCR2 5H | TAIFFCR 5H | Reserved
6H | Reserved 6H 6H
7H 7H 7H
8H | PLLCRO 8H | TA23RUN 8H | TA67RUN
9H | PLLCR1 9H 9H
AH AH | TA2REG AH | TA6REG
BH BH | TASREG BH | TA7TREG
CH CH | TA23MOD CH | TA67MOD
DH DH | TA3FFCR DH | TA7FFCR
EH EH EH
FH FH FH
[13] 16-bit timer [14] STO [15] SBI
Address Name Address Name Address Name Address Name
1180H | TBORUN 1190H | TBIRUN 1200H | SCOBUF 1240H | SBICR1
1H 1H 1H | scocr 1H | SBIDBR
2H | TBOMOD 2H | TBIMOD 2H | SCOMODO 2H | I2CAR
3H | TBOFFCR 3H | Reserved 3H | BROCR 3H | SBICR2/SBISR
4H 4H 4H | BROADD 4H | SBIBRO
5H 5H 5H | SCOMOD1 5H
6H 6H 6H 6H
7H 7H 7H | SIROCR 7H | SBICRO
8H | TBORGOL 8H | TBIRGOL 8H | SC1BUF 8H
9H | TBORGOH 9H | TBIRGOH 9H | SC1CR 9H
AH | TBORGIL AH | TBIRGIL AH | sSC1IMODO AH
BH | TBORG1H BH| TB1IRG1H BH | BR1CR BH
CH | TBOCPOL CH| TB1CPOL CH | BR1ADD CH
DH | TBOCPOH DH | TB1CPOH DH | sciMOD1 DH
EH | TBOCP1L EH| TB1CP1L EH EH
FH | TBOCP1H FH | TBICP1H FH | SIRICR FH
Note: Do not access no allocated name address.
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TOSHIBA TMP92CF30
[16] 10-bit ADC [17] WDT
Address Name Address Name Address Name
12A0H | ADREGOL 12BOH | ADREGSPL 1300H | WDMOD

1H | ADREGOH 1H | ADREGSPH 1H | WDCR
2H | ADREGI1L 2H | Reserved 2H
3H | ADREG1H 3H | Reserved 3H
4H | ADREG2L 4H | ADCMOREGL 4H
5H | ADREG2H 5H | ADCMOREGH 5H
6H | ADREG3L 6H | ADCM1REGL 6H
7H | ADREG3H 7H | ADCM1REGH 7H
8H | ADREGA4L 8H | ADMODO 8H
9H | ADREG4H 9H | ADMOD1 9H
AH | ADREG5L AH | ADMOD2 AH
BH | ADREG5H BH | ADMOD3 BH
CH | Reserved CH | ADMOD4 CH
DH | Reserved DH | ADMOD5 DH
EH | Reserved EH EH
FH | Reserved FH | ADCCLK FH

[18] RTC [19] MLD

Address Name Address Name

1320H | SECR 1330H | ALM
1H | MINR 1H | MELALMC
2H | HOURR 2H | MELFL
3H | DAYR 3H | MELFH
4H | DATER 4H | ALMINT
5H | MONTHR 5H
6H ]| YEARR 6H
7H | PAGER 7H
8H | RESTR 8H
9H 9H
AH AH
BH BH
CH CH
DH DH
EH EH
FH FH
Note: Do not access no allocated hame address.
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TOSHIBA TMP92CF30
[20] 128 [21] MAC
Address Name Address Name Address Name Address Name

1800H | 12SOBUF 1810H | Reserved 1BEOH | MACMA 1BFOH
1H 1H 1H | MACMA 1H
2H 2H 2H | MACMA 2H
3H 3H 3H | MACMA 3H
4H 4H 4H | MACMB 4H
5H 5H 5H | MACMB 5H
6H 6H 6H | MACMB 6H
7H 7H 7H | MACMB 7H
8H | 12S0CTL 8H | Reserved 8H | MACORL 8H
9H | 12socTL 9H | Reserved 9H | MACORL 9H
AH | 1250C AH | Reserved AH | MACORL AH
BH | 12s0C BH | Reserved BH | MACORL BH
CH CH CH | MACORH CH | MACCR
DH DH DH | MACORH DH
EH EH EH | MACORH EH
FH FH FH | MACORH FH

Note: Do not access no allocated name address.
92CF30-582 2009-06-12




TOSHIBA TMP92CF30
(1) O ports (1/10)
Symbol Name [ Address 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
P1 PORT1 0004H R/W
Data from external port (Output latch register is cleared to “0”)
P47 | Pae | Pas | Pas P43 | Pa2 | Pa1 | P40
P4 PORT4 0010H R/W
0 0 0 0 0 0 0 0
P57 P56 P55 P54 P53 P52 P51 P50
P5 PORT5 0014H R/W
0 0 0 0 0 0 0 0
P67 P66 P65 P64 P63 P62 P61 P60
P6 PORT6 0018H R/W
Data from external port (Output latch register is cleared to “0")
P76 | P75 | P74 P73 | P72 | P71 | P70
R/W
P7 PORT7 | 001CH Data from external |Data from external port [Data from external port
port (Output latch  |(Output latch register is |(Output latch register is 1
register is set to “1") cleared to “0") set to “1")
P87 P86 P83 Ps2 | Psl P80
P8 PORTS8 0020H R/W R/W
1 1 1 0 (Note) 1 1
P97 P96 P92 P91 P90
P9 PORT9 | 0024H R RIW
Data from external port Data from e.x terqal port
(Output latch register is set to “1")
PA7 | PA6 PA5 PA4 PA3 PA2 | PA1L | PAO
PA PORTA 0028H R
Data from external port
pc7 | pce | pPcs | pPca | pPc3 | pc2 | pc1 | Pco
PC PORTC 0030H R/W
Data from external port (Output latch register is set to “1")
PF7 PF2_ | PF1 | PFO
PF PORTF | 0o3cH |__RW RW
1 Data from e_xtern_al port (Output
latch register is set to “1")
PG5 PG4 PG3 PG2 | PGl | PGO
PG PORTG 0040H R
Data from external port
PJ7 PJ6 P35 | P4 | P33 | P2 | P11 | PO
R/W
PJ PORTJ 004CH Data from external port
1 (Output latch register is 1 1 1 1 1
set to “1")
PK7 PK6 | PKS PK4 PK3 PK2 PK1 PKO
PK PORTK 0050H R/W
0 0 0 0 0 0 0 0
PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
PL PORTL 0054H R/W
o | o | o | o | o | o | o | o
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TOSHIBA TMP92CF30

(1) I/O ports (2/10)

Symbol | Name | Address 7 6 5 4 3 2 1 0
PM7 PM2 PM1
PM PORTM | 0058H | R/w RIW
1 1 1
PN7 PN6 PN5 PN4 PN3 PN2 PN1 PNO
PN PORTN 005CH R/W
Data from external port (Output latch register is cleared to “1")
PP6 | PP5 | PP4a | PP3
R/W
PP PORTP 0060H Data from external port
0 (Output latch register is cleared to
“0”)
PR3 PR2 PR1 PRO
PR PORTR | 0064H RIW
Data from external port
(Output latch register is cleared to “0”)
PT7 PT6 PT5 PT4 pt3 | P2 | PTL | PTO
PT PORTT | OOAOH R/W
Data from external port (Output latch register is cleared to “0")
PV7 | PV6
R/W

PV PORTV 00A8H [pata from external port

(Output latch register is
cleared to “0”)

PX5 PX4
R/W
PX PORTX 00BOH Data from external port
(Output latch register is
cleared to “0")
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TOSHIBA TMP92CF30

(1) I/0 ports (3/10)

Symbol | Name | Address 7 6 5 4 3 2 1 0
P17C P16C P15C P14C P13C P12C P11C P10C
PORT1 0006H W
P1CR control (Prohibit
register RMW) 0 | 0 [ o | o [ o | 0 | o | o
0: Input  1:Output
P1F
W
PORT1 0007H 01
P1FC fun(_:tion (Prohibit 0: Port
register RMW) 1: Data
bus
(D8~D15)
P4TF P46F P45F P44F P43F P42F P41F P40F
PORT4 0013H W
P4FC function (Prohibit
register RMW) 1 | 1 | 1 | 1 I | 1 | 1
0: Port 1: Address bus (A0O~A7)
P57F | P56F | PssF | Ps4aF | PS3F | P52F | P51F | P5OF
PORT5 0017H W
P5FC function (Prohibit
register RMW) 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
0: Port 1: Address bus (A8~A15)
P67C | Pe6C | PesC | Peac | Pe3C | P62C | PeiC | P60C
PORT6 001AH Y,
P6CR control (Prohibit
register | RMW) o | o | o [ o | o | o | o | o
O: Input  1: Output
P67F | P66F | PesF | PeaF | P63F | P62F | P6IF | P6OF
PORT6 001BH W
P6FC function (Prohibit
register RMW) 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
0: Port 1: Address bus (A16~A23)
P76C | P75Cc | P74C | P73C | P72C | P71C
W
0 0 0 0 0 0
0: Input 0: Input 0: Input 0: Input 0: Input 0: Input
PORT7 001E_H_ port, port, port port port port
P7CR Cor_m;0I (l;rl\(jlwlt WAIT NDR/B 1: Output  [1: Output |1: Output 1: Output
register ) 1:output  |1: Output port, port, port, port,
port port, EA25 EA24 NDWE at | NDRE at
RIW <P72>=0, |<P71>=0,
WRLU at WRLL at
<p72>=1 [<P71>=1
P76F P75F P74F P73F P72F P71F P70F
W
PORT7 001FH 0 0 0 0 0 0 0
P7EC function (Prohibit 0: Port 0: Port _ 0:Port 0:Port 0: Port 0: Port 0: Port
register RMW) 1: WAIT 1:NDR/ B , |1: EA25 1: EA24 1:NDWE at | 1: NDREat | 1: RD
RIW <P72> = 0, | <P71> = 0,
WRLU at | WRLL at
<p72>=1 [<P71>=1

92CF30-585 2009-06-12



TOSHIBA

TMP92CF30
(1) O ports (4/10)
Symbol | Name | Address 7 6 5 4 3 2 1 0
P87F P86F P83F P82F P81F P8OF
w W
PORTS8 0023H 0 0 0 0 0 0
P8FC function | (Prohibit | o: port 0: Port 0: Port 0: Port, | 0: Port 0: Port
register RMW) | 1. cpg7F2> | 1: <Pg6F2> 1: Cs3, CSZA |1: Cs1 1: CSo
CSxA [1: cs2
SDCS
P87F2 P86F2 P83F2 P82F2 P81F2
W W
0 0 0 0 0
P8FC2 fF;ScFiiT)?] (g?ozr}igit 0: csxg |0t cszp 0:-Port, Jo:Output | O: <P81F>
fegister2 | RMW) |1: npice |1 NDOCE css __port, | 1. Sbcs
l:csxa cs2
1:CSzA,
SDCS
P92C P91C P90C
W
0 0 0
PORT9 0026H 0 Input 0: Input 0: Input
PICR control (Prohibit port, port, port,
register RMW) CTS0/1 .| RXDO/1 |1:Output
scLko/t  |1: Output port,
1: Output port, TXDO/1
port,
SCLKO/1
P96F P92F P90OF
PORT9 0027H w w w
POFC | function | (Prohibit 0 0 0
register RMW) 0: Input 0:Port, 0:Port
port, CTS0/1 1:TXDO0/1
1:INT4 1:SCLKO
- P95F2 P94F2 P93F2 — PO0OFC2
W W W W
0 0 0 0 0 0
Always P92 SI00 P90 Always 0:CMOS
write “0” SCLK RXD TXD write “0” 1:Open
selection | selection | selection -Drain
oses |ore (oo
POFC2 function (Prohibit
register2 RMW)
SI00
SCLK,
CTS
input
selection
0:P92
1. PP5
PATF PAGF PASF PA4F PA3F PA2F PAL1F PAOF
PORTA 002BH W
PAFC function (Prohibit
register RMW) 0 0 0 0 0 0 0 0
0: Key-in disable 1: Key-in enable
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TOSHIBA TMP92CF30

(1) I/0 ports (5/10)

Symbol| Name | Address 7 6 5 4 3 2 1 0
PC7C PC6C PC5C PC4C PC3C PC2C PC1C PCOC
W
0 0 0 0 0 0 0 0
PORTC 0032H |O: Input 0: Input 0: Input 0: Input 0: Input 0: Input 0: Input 0: Input
PCCR r?’l‘;‘;'r (Prohibit port, port, port, port, port, port, port, port,
9 RMW)  [1: Output EA28 EA27 EA26 INT3 INT2 INT1 INTO
port, |1: Output 1: Output 1: Output 1: Output 1: Output 1: Output 1: Output
KO output port, port, port, port, port, port, port,
(Open SPCLK SPDO SPDlinput | TA2IN TAOIN
-drain) | output output
PC7F PC6F PC5F PCA4F PC3F PC2F PC1F PCOF
W
PORTC | 0033H 0 0 0 0 0 0 0 0
PCFC function (Prohibit 0: Port 0: Port 0:Port 0:Port 0:Port 0: Port 0: Port 0: Port
register RMW) | 1:KO 1:EA28, 1.EA27, 1:EA26, LINTS, 1: INT2 1:INTZ, L:INTO
output | SPCLK SPDO SPDIl input | TA2IN TAOIN
(Open output output
-Drain)
PC4F2
W
PORTC 0031H 0
PCFC2 funcqon 2 (I;r’\c/)lwn SPDI
register ) selection
0: PRO
1: PC4
PF2C PF1C PFOC
PORTF 003EH W
PFCR control (Prohibit
register RMW) 0 | 0 | 0
0: Input, 1: Output
PF7F PF2F | PFIF | PFOF
PORTF 003FH w w
PFFC | function | (Prohibit 1 0 0 0
register RMW) |0: Output 0:Port O:Port O:Port
port, 1:12S0WS | 1:12S0DO [1:12S1CKO
1: SDCLK
PG3F
W
0
PORTG 0043H _
PGFC function (Prohibit -
register RMW) O:Input
port,
AN3
1: ADTRG
PJ6C PJ5C
W
0 0
PORTJ 004EH O:input | O:Input
PJCR control (Prohibit port port
register RMW) SRUUB SRULB
output output
l:output | l:output
port, port,
NDCLE NDALE
output output

92CF30-587 2009-06-12



TOSHIBA TMP92CF30
(1) T/O ports (6/10)
Symbol | Name | Address 7 6 5 4 3 2 1 0
PJ7F PJ6F PJ5F PJ4F PJ3F PJ2F PJ1F PJOF
W
PORTJ 004FH 0 0 0 0 0 0 0 0
PJFC fun(.:tlon (Prohibit | o: port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
register RMW) | 1: SDCKE |1: SRUUB, | 1: srus, | & 1: 1. SDWE, |1: SDCAS, | 1: SDRAS,
NDCLE | NDALE | SDLUDQM |SDLLDQM | sprwRr SRLUB SRLLB
output output
PK7F PK6F PK5F PK4F PK3F PK2F PK1F PKOF
PORTK 0053H W
PKFC function (Prohibit
, o | o | o | o | o | o | o | o
register RMW)
0: Port 1: Don't setting
pizc | perc | pisc | puac | psc | pec | puic | ploc
PORTL 0056H W
PLCR control (Prohibit
register RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0: Input 1: Output
PL7F PL6F PL5F PL4F PL3F PL2F PL1F PLOF
borTL | 0057H | _PLer [ PLsF | VIV 3F_| I [ _PLO
PLFC function | (Prohibit
: o | o | o | o | o [ o | o | o
register RMW)
0: Port 1: Don't settin
PLOF2
PORTL 0055H W
PLFC2 function | (Prohibit oL
register2 | RMW) 0: Port
1: Data bus
(D16 to D23)
PM7F PM2F PM1F
W W
0 0 0
PORTM 005BH 0: Port 0: Port 0: Port
PMFC | function | (Prohibit |1.pomt 1: ALARM gt [1:MLDALM
register RMW) Setting <PM2>=1 at
MLDALM gt [ <PM1>=1,
<PM2>=0 | TA1OUT at
<PM1>=0
PORTN 005EH PN7C PN6C PN5C PN4C - PN3C PN2C PN1C PNOC
PNCR control Prohibi
register (R|\C/)|V{/b)It 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0: Input 1: Output
PN7F | PN6F [ PN5F [ PN4F | PN3F [ PN2F | PN1IF_| PNOF
PORTN 005FH W
PNFC function ibi
register Eqph;?,r\}l)blt o | o [ o J o J o | o | o [ o
0:CMOS output 1:0Open-Drain output
PP5C | PP4C | PP3C
PORTP 0062H W
PPCR control (Prohibit 5 | o | 5
register RMW)
0: Input 1: Output
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TOSHIBA TMP92CF30
(1) O ports (7/10)
Symbol | Name | Address 7 6 5 4 3 2 1 0
PP6F PP5F PP4F PP3F
w
PORTP | 0063H 0 0 0 0
PPFC function (Prohibit 0: Port 0: Port 0: Port 0: Port
register RMW) 1 L:INT7, 1:INT6, 1:INT5,
TBOOUTO | TB1INO at | TBOINO at | TA7OUT
<PP3F2>= | <PP2F2>=(| at<PP1F2>
0 =0
PP6F2 PP5F2 PP4F2 PP3F2 PP2F2 PP1F2 PPOF2
W
0 0 0 0 0 0 0
PP5 SIOo1 PP3 PP5 PP4 PP3 PP3
PORTP 0061H SCLK RXD _ selection | selection | selection [ selection [ selection
) output selection [0: TXD1 |[O0: Others |O0O: Others |0: Others |0: CMOS
PPFC2 | function 2 | (Prohibit 0:SCLK1 |0:PP4 |1:TXDO |L:SCLK, |1:RXD |1:TXD |1:0pen
register RMW) 1: SCLKO | 1:P91 CTS inpu input output -drain
Sio1 tor SCLK
SCLK, output
cTs input
0: PP5
1: P92
poRTR | 0066H PR3C PR2C PR1C PROC
PRCR control (Prohibit T
register RMW) 0 | 0 | 0 | 0
0: Input, 1: Output
PR3F | PR2F | PRIF | PROF
PORTR 0067H W
PRFC function (Prohibit 0 0 0 0
register RMW) 0: Port 0: Port 0: Port 0: Port
1: SPCLK | 1: spcs 1: SPDO | 1: SPDI
PORTT 00A2H PT7C PT6C PT5C PT4C - PT3C PT2C PT1C PTOC
PTCR control (Prohibit
register RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
0: Input  1: Output
PT7F | PT6F | PT5F | PT4F | PT3F | PT2F | PTIF [ PTOF
PORTT 00A3H W
PTFC function (Prohibit
register RMW) 0 | 0 | 0 | 0 | 0 - | 0 | 0 | 0
0: Port 1: Don't setting
PTOF2
PORTL 00A1H w
PTFC2 | function | (Prohibit 0/1
register 2 RMW) 0: Port
1: Data bus
(D24 to D31)
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TOSHIBA

TMP92CF30

(1) I/0 ports (8/10)

Symbol | Name | Address 7 6 5 4 0
pPVv7C PV6C
PORTV 00AAH W
PVCR control (Prohibit |
register RMW) 0 0
0: Input  1: Output
Pv7F | PV6F
PORTV 00ABH w
PVFC function (Prohibit 0 0
register | RMW) I 50q 0: Port
1. sCL 1: SDA
PV7F2 PV6F2
w
PORTV 00A9H
PVFC2 function (Prohibit 0 0
register 2 RMW) 0: CMOS 0: CMOS
1:Open 1:Open
-drain | -drain
PX5C
PORT X | 00B2H w
PXCR control (Prohibit 0
register RMW) 0: Input
1: Output
PX5F PX4F
W
0 0
PORT X 00B3H 0: Port 0: Port
PXFC function (Prohibit 1 1
register RMW) X1USB input | CLKOUT
at <PX5C>=0, | at <PX4>=0
X1D4 output
at <PX5C>=1,
<PX5>=1
PX5F2 PX4F2
w
0 0
PORT X | 00B1H — —
PXFC2
function | (Prohibit X1D4 output
register 2 RMW) clock selection
00: X1 pin x1/8
01: X1 pin x1/4
10: X1 pin x1/2
11: X1 pin x1/1
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TOSHIBA TMP92CF30
(1) T/O ports (9/10)
Symbol | Name | Address 7 6 5 4 3 2 1 0
PORTL P17D P16D P15D P14D / P13D P12D | P11D P10D
P1DR drive 0081H RIW
register 1 [ 01 ] 1 ] 1 | 1 ] 1 ] 1 | 1
Input/Output buffer drive register for standby mode
PORT2 P27D | P26D | P25D | P24D | P23D | P22D | P21D | P20D
P2DR dive | 0082H | | | RIW
register 1 1 1 1 | 2 ] 12 ] 1 ]
Input/Output buffer drive register for standby mode
PORT3 P37D | P36D | P35D | P34D | P33D | P32D | P31D | P30D
P3DR drive 0083H RIW
register 1 ] 1 T 1] 1 [ 1 [ 12 [ 1 ] 1
Input/Output buffer drive register for standby mode
PORTA P47D | P46D | P45D | P44D | P43D | P42D | P41D | P40D
P4DR drive | 0084H RIW
register i | 12 | 1 ] 12 | 12 ] 1 | 1 | 1
Input/Output buffer drive register for standby mode
PORTS P57D | Ps6D | PssD | PsaD | P53D | P52D | P51D | P50D
P5DR drive | 0085H | | | R’\iv | | |
register 1 1 1 1 1 1 1 1
Input/Output buffer drive register for standby mode
PORTE P67D | P66D | P65D | P64D | P63D | P62D | P61D | P60D
P6DR drive 0086H RIW
register 1 | 1 T 2 7 a7 s T
Input/Output buffer drive register for standby mode
PORT7 p7éeD | P75D | P74D | P73D | P72D | P71D | P70D
P7DR drive | 0087H RIW
register 1 | 1 | 1 | 1 | 1 | 1 | 1
Input/Output buffer drive register for standby mode
P87D P86D Ps3D | Ps2D | PsiD | P8OD
PORT8 vy vv"
PS8DR drive 0088H
register 1 | 1 1 [ 1 ] 1] 1
Input/Output buffer drive register for standby mode
P97D | P96D P92D | P91D | P90D
PORT9 R’?N | RIW |
PODR drive 0089H 1 - - 1ﬁ 1 1 1
register Input/Output buffer Input/Output buffer drive
drive register for register for standby mode
standby mode 9 y
PORTA PA7D | PA6D PA5D PA4DR/W PA3D | PA2D | PAID | PAOD
PADR drive 008AH | | | | | | |
register 1 1 1 1 1 1 1 1
Input/Output buffer drive register for standby mode
PORTC pc7dD | pPceD | PcsD | Pcab | pc3Dp | pc2Dp | pcib | PcoD
PCDR drive 008CH RIW
register 1 |12 ] 1 ] 2 ] 12 ] ] 1 ]
Input/Output buffer drive register for standby mode
PF7D PF2D | PFID | PFOD
RIW RIW
1 1 | 1 ] 1
PORTF Input/
PFDR drive 008FH | Output
register butfer Input/Output buffer drive register
drive
. for standby mode
register for
standby
mode
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(1) 1/0 ports (10/10)
Symbol Name Address 7 6 5 4 3 2 1 0
PG3D PG2D
PORTG RﬂlN
PGDR drive 0090H 1 1
register Input/Output buffer
drive register for
standby mode
PORTJ PJ7D PJ6D PJ5D PJ4DR/\N PJ3D | PJ2D PJ1D PJOD
PJDR drive 0093H
register 1 | 12 T a7 a7 T T T
Input/Output buffer drive register for standby mode
PORTK PK7D | PK6D PksD | PkaD | Pk3aD | Pk2D | PKiD | PKoD
PKDR drive 0094H RIW
register 1 | 1 | o2 | 1 | 1 ] 12 ]
Input/Output buffer drive register for standby mode
PL7D | PL6D PL5SD | PL4aD | PL3D | PL2D | PLID | PLOD
PORTL RIW
PLDR drive 0095H
register 1 | 1 | o1 | 1 ] 1 | 1 | 1
Input/Output buffer drive register for standby mode
CORTM PM7D PM2D | PM1D
PMDR drive 0006H —W Rllw
register 1 1 1
Input/Output buffer drive register for standby mode
PN7D | PN6D PNsD | PN4D | PN3D | PN2D | PN1D | PNOD
PORTN RIW
PNDR drive 0097H
register 1 | 1 [ 1 [ 12 | 1 | 1 | 1 [ 1
Input/Output buffer drive register for standby mode
PP6D PP5D | PP4D | PP3D
PORTP RIW
PPDR drive 0098H 1 [ 2 [ 1 ] 1
register Input/Output buffer drive register for standby
mode
PR3D PR2D PR1D PROD
PORTR RIW
PRDR drive 0099H 1 [ 1 [ 1 ]
register Input/Output buffer drive register for standby
mode
PT7D PT6D PT5D PT4D PT3D | PT2D | PTID | PTOD
PORTT RIW
PTDR drive 009BH
register 1 | o1 [ 1 12 1 |1 | 1 o1
Input/Output buffer drive register for standby mode
PV7D | PVeD
PORTV RIW
PVDR drive 009DH T
register Input/Output buffer
drive register for
standby mode
PX5D PX4D
PORTX RIW
PXDR drive 009FH 1 1
register Input/Output buffer
drive register
for standby mode
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TOSHIBA TMP92CF30
(2) Interrupt control (1/4)
Symbol Name Address 7 6 | 5 | 4 3 2 | 1 | 0
_ INTO
- - - - loc I0M2 I0M1 I0MO
INTEO | INTO enable | 00FOH | | - | v |
Always write “0” 0 0 | 0 | 0
INT2 INTL
NTEL |INTL&INT2| (0o 12C em2 | 1em1 | 12mo 11C M2 | M1 | 1Mo
enable R RIW R RIW
0 o | o | o 0 o | o J o
INT4 INT3
INTE34 | INT3&INT4| (oo 14C am2 | 1am1 | 1amo 13C 3v2 | 13sm1 | 13m0
enable R RIW R RIW
0 o | o | o 0 o | o | o
INT6 INTS
iNTESs | INTB&INT6| (oo, 16C M2 | 1em1 | 16M0 I5C isM2 | 1sM1 [ I5M0
enable R R/W R R/IW
0 o | o | o 0 o | o | o
- INT7
INTE? INT7 00D3H - - | - 1 - I7C 7M2 [ 7M1 | 17mo
enable - - R R/W
Always write “0” 0 0 | 0 | 0
NTTAGE INTTAL (TMRAL1) INTTAO (TMRAO)
nteTaoLl  INTTAL | oopan |TARlc ITAIM2 | ITQ/lv'\\/Al | mA1MO |T/;oc ITAOM2 | IT:X/'\\/M | 1ITAOMO
enable
0 o | o | o 0 o | o | o
INTTAZ & INTTA3 (TMRA3) INTTA2 (TMRA2)
NTETA23|  INTTAZ | 0ODSH |TAR30 ITA3M2 | |T|/;/3V|\\l/|1 | 1ITA3MO |T/;20 ITA2Mm2 | IT:/ZVI:/M | ITA2M0
enable
0 o | o | o 0 o | o | o
INTTAG & INTTA5 (TMRAS) INTTA4 (TMRA4)
INTETA25|  INTTAS | 00DEH IT,;SC ITA5M2 | ITS/SVI\\;Il [ 1TASMO ITAR4C ITA4AM2 | lTF/?/Lc://Il | 1ITA4MO
enable
0 o | o | o 0 o | o | o
INTTAS & INTTA7 (TMRA?) INTTA6 (TMRAG6)
NTETA67|  INTTA7 | 00D7H |TAR7C ITA7TM2 | ITQZV,\\IM [ TA7MO |T/;60 ITA6M2 | ITQ/?/I\\//II | 1TABMO
enable
0 o | o | o 0 o | o J o
NTTBOO & INTTBO1 (TMRBO) INTTBOO (TMRBO)
NTETBO | INTTBOL | 00DgH |TBOLC | ITBOIM2 | ITBOIMI | ITBOIMO | ITBOOC | ITBOOM2 | ITBOOML | ITBOOMO
enable R RIW R RIW
0 o | o | o 0 o | o | o
. INTTB11 (TMRB1) INTTB10 (TMRB1)
INTTB10 &
iTB11C | ImB11M2 | ITB1aM1 | ITB11MO | ITB1 ITB10M2 | ITB10M1 | ITB10OM
INTETB1 [ INTTB11 | 0OD9H = < | vy | 0 ROC om2 | R/\(/)V | oMo
enable
0 o | o | o 0 o | o | o
INTTXO INTRXO
INTRXO & ITX0C | 1Txom2 | imxoM1 | ITxomM0 | IRXOC [ IRXOM2 | IRXOM1 | IRXOMO
INTESO | INTTXO | OODBH = o~ = — Y
enable | | | |
0 0 0 0 0 0 0 0
INTTX1 INTRX1
INTRX1 & iTxic | mxam2 | imxamt [ imxamo | Irxac [ iRxam2 | IRxami | IRx1mo
INTESL | INTTX1 | OODCH
enable R RIW R RIW
0 o | o | o 0 o | o | o
INTADM INTSBI
INTSBI & iADMoC | 1ADMM2 | 1ADMM1 | 1aDMMo | IsBloc | 1sBIM2 | IsBIM1 | ISBIMO
INTESBIADM |  INTADM OOEOH
enable R R/IW R R/W
0 o | o [ o 0 o | o | o
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(2) Interrupt control (2/4)
Symbol| Name |Address| 7 6 | 5 | 4 3 2 | 1 | o
INTSPITX INTSPIRX
iNTEspr | INTSPU | ooeiy [LISPITC [ ISPITM2 | ISPITM1 | ISPITMO | ISPIRC | ISPIRM2 | ISPIRM1 | ISPIRMO
enable R RIW R RIW
0 o | o [ o 0 o | o | o
- INTUSB
nTeuse | INTUSB | (ocan - - - | - IUSBC | 1usBM2 | 1USBM1 | 1USBMO
enable _ _ R RIW
Always write “0” 0 0 | 0 | 0
- INTALM
NTEALM | INTALM | oo - - | - ] - IALMC | 1aLMm2 | 1aLvm | 1aivmo
enable _ _ R R/W
Always write “0” 0 0 | 0 | 0
- INTRTC
nterTe | INTRTC | ocen - - 1 - 1T - IRC IRM2 | IRM1 [ IRMO
enable - - R R/W
Always write “0” 0 o | o [ o
- INTKEY
ntekey | INTKEY | oeon - - I - 1T - IKC KM2 [ kM1 | Km0
enable - - R R/W
Always write “0” 0 0 | 0 | 0
- INTI2S0
INTEI2So | INTI2SO | (oo p - - [ - T - 2soc | n2som2 | n2somi | 12somo
enable - - R R/W
Always write “0” 0 0 | 0 | 0
INTRSC & IRSCC IRSCh/III;lTlrSICR:SCMl | IRscMo | IRDYC IRDYI\I/I’:TTDI;DYMl | IRDYMO
INTENDFC| INTRDY | OOECH
enable R RIW R RIW
0 0 | o | o 0 o | o [ o
- INTPO
INTEPO INTPO | e - - I - 1T - IPOC ipoM2 | 1PoM1 [ 1POMO
enable — — R R/W
Always write “0” 0 o | o | o
INTAD & INTADHP INTAD
INTEAD | INTADHP | 0oEFH |ADHPC IADHPM2 | IADHPM1 | 1aDHPMO | IADC IADM2 | IADM1 | IADMO
enable R RIW R RIW
0 o | o | o 0 o | o | o
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A
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(2) Interrupt control (3/4)

Symbol Name Address| 7 6 | 5 | 4 3 | 2 | 1 | o
INTTCL/INTDMAL INTTCO/INTDMAO
INTTCO/INTDMAO & ITcic | ITcam2 | 1ITcimi | 1ITcamo | ITcoc | Imcom2 | ITcomi | ITcomo
INTETCOL |*\\+TC1/INTDMAL | 00E1H | /IDMALC |/IDMALIM2|/IDMA1M1|/IDMALMO| IDMAOC |/IDMAOM2 [IDMAOMZ1|/IDMAOMO
/INTEDMAO1
enable R R/W R R/W
0 0 o 0 0 0 0 0
INTTC3/INTDMA3 INTTC2/INTDMA?2
INTTC2/INTDMA2 & ITc3c | 1Tcam2 | 1ITcam1 | 1ITcamo | ITcec | Imcam2 | 1ITcami | 1Imcamo
INTETC23 |*\\TTC3/INTDMA3 | 00F2H | /IDMA3C |/IDMA3M2|/IDMA3M1|/IDMA3MO| IDMA2C |/IDMA2M2 [IDMA2M1| /IDMA2MO
/INTEDMA23
enable R R/W R R/W
0 0 0 0 0 0 0 0
INTTC5/INTDMA5 INTTC4/INTDMA4
INTTC4/INTDMA4 & ITC5C ITC5M2 | ITC5M1 ITC5MO ITC4C ITC4AM2 ITC4M1 ITC4MO
INTETCAS |* N TTCE/INTDMAS | 00F3H | /IDMASC |/IDMASM2|/IDMASM1|/IDMASMO | /IDMAAC |/IDMA4M2 [IDMA4M1| /IDMA4MO
/INTEDMA45
enable R R/W R R/W
0 o | o | o 0 o | o | o
INTTC7 (DMA7) INTTC6 (DMAG)
INTETCG7 | INTTCB&INTTCT | /)| ITC7C | ITC7M2 | imc7ma | 1irc7mo | iTcec | iTcem2 | ITcem1 | ITCemMo
enable R R/W R R/W
0 0 0 0 0 0 0 0
— - IR1LE IROLE
w w
0 0 1 1
- Sio 00FSH | Always | Always 0: INTRX1(0: INTRXO
SIMC Interrupt mode (PI’OthIt write “0” write “0” edge edge mode
control RMW) mode 1: INTRXO
1: INTRX1[level mode
level
mode
ISEDGE | 14EDGE | I3EDGE | I2EDGE | I1EDGE | I0EDGE IOLE NMIREE
W RIW RIW
0 0 0 0 0 0 0 0
OOF6H .
Interrupt .. |INTS INT4 INT3 INT2 INT1 INTO 0: INTO NMI EDGE
IMco | (Prohibit
input mode control 0 RMW) edge edge edge edge edge edge edge mode |, Falling
0: Rising  [O: Rising 0: Rising 0: Rising 0: Rising  [O: Rising 1:INTO 1: Both edge
1:Fallng |1:Falling [1:Faling |1:Faling |1 Falling |1:Falling [levelmode | oo ang
Rising)
- INTWD
INTWD & NMI ITCNMI - - - ITCWD - - -
INTWDT/NMI O0F7H | |
enable R — R — _ _
Always write “0” 0 - - -
0OREH CLRV7 | CLRV6 | CLRVS | CLRV4 | CLRV3 | CLRV2 | CLRVL | CLRVO
INTCLR Interrupt (Prohibit il
clear control
RMW) o | o [ o [ o 0 0 0 0
Interrupt vector
I7EDGE | I6EDGE
w w
Interrupt 00FAH 0 0
IMC1 input mode control 1 (Prohibit INT7 INT6
RMW) edge edge
0: Rising 0: Rising
1: Falling  |1: Falling
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TOSHIBA TMP92CF30
(2) Interrupt control (4/4)
Symbol | Name | Address 7 6 5 4 3 2 1 0
OMAG DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOVI | DMAOVO
DMAOV start 0100H | RIW
vector o | o [ o ] o T o T o
DMAO start vector
OMAL DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMALVL | DMA1VO
DMALV start 0101H RIW
vector 0 | o [ o | 0 | 0 | 0
DMAI1 start vector
DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2v1 | DMA2VO
DMA2
DMA2V start 0102H RIW
vector 0 | o [ o | 0 | 0 | 0
DMA2 start vector
DMA3 DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3VO
DMA3V start 0103H RIW
vector o | o [ o | o [ o [ o
DMA3 start vector
OMAG DMA4V5 | DMA4V4 | DMA4V3 | DMA4V2 | DMA4V1 | DMA4VO
DMA4V start 0104H RIW
vector 0 | 0 | 0 | 0 | 0 | 0
DMAA4 start vector
OMAS DMA5V5 | DMA5V4 | DMA5V3 | DMASV2 | DMASVL | DMASVO
DMAS5V start 0105H RIW
vector 0 | 0 | 0 | 0 | 0 | 0
DMADS start vector
DMAG DMA6V5 | DMA6V4 | DMA6V3 | DMA6V2 | DMA6V1 | DMA6VO
DMAGV start 0106H | | RIW
vector 0 0 0 | 0 | 0 | 0
DMAG start vector
OMA7 DMA7V5 | DMA7V4 | DMA7V3 | DMA7V2 | DMA7V1 | DMA7VO
DMA7V start 0107H RIW
o T o T o [ o T o [ o
DMAY start vector
DBST7 | DBST6 | DBST5 | DBST4 | DBST3 | DBST2 | DBST1 | DBSTO
RIW
DMAB DMA burst 0108H 0 0 | 0 | 0 | 0 | 0 | 0 | 0
1: DMA request on burst mode
DREQ7 | DREQ6 | DREQ5 | DREQ5 | DREQ4 | DREQ3 | DREQ2 | DREQ1
0109H
DMAR reD’:jl:st (Prohibit RIW
a RMW) 0 o [ o [ o | o | o | o | o
1: DMA request in software
DMASEL5 | DMASEL4 | DMASEL3 | DMASEL2 | DMASEL1 | DMASELO
RIW
Micro
0 0 0 0 0 0
DMASEL | DMA/HDMA | 010AH . . . . . .
Select 0:Micro 0: Micro 0: Micro 0: Micro 0: Micro 0: Micro
DMA5 DMA4 DMA3 DMA2 DMA1 DMAO
1:HDMA5 [1:HDMA4 |1:HDMA3 [1:HDMA2 [1:HDMA1 |L:HDMAO
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TMP92CF30
(3) Memory controller (1/4)
Symbol | Name Address 7 6 5 4 3 2 1 0
BOWW3 | BOWW?2 BOWW1 BOWWO BOWR3 BOWR2 BOWR1 BOWRO
R/W
o | o | 1 | o o | o | 1 | o
BLOCKO Write waits Read waits
CS/WAIT 0001: 0  waits 0010: 1  wait 0001: 0 waits 0010:1 wait
0101: 2  waits 0110: 3  waits 0101:2 waits 0110:3 waits
BOCSL Cor.1tr0| 0140H 0111: 4  waits 1000: 5 waits 0111: 4 waits 1000:5 waits
register 1001:6 waits  1010:7 waits 1001: 6 waits 1010:7 waits
low 1011: 8  waits 1100: 9  waits 1011:8 waits  1100:9 waits
1101: 10  waits 1110: 12 waits 1101: 10 waits 1110:12 waits
1111: 16  waits 0100: 20 waits 1111: 16 waits 0100: 20 waits
0011: 6 states + WAIT pin input mode 0011: 6 states + WAIT pin input mode
Others: Reserved Others: Reserved
BOE BOREC | BooM1 | BOOMO | BOBUS1 | BOBUSO
BLOCKO RIW RIW
CS/WAIT 0 0 o [ o o [ o
BOCSH control 0141H CS select Dummy 00: ROM/SRAM Data bus width
register 0: Disable cycle 01: Reserved 00: 8 bits
high 1: Enable 0:No insert | 10: Reserved 01: 16 bits
1: Insert 11: Reserved 10: Reserved
11: Don't set
B1IWW3 | BIWW2 | BIWW1 B1WWO B1WR3 | B1WR2 B1WR1 | B1WRO
R/W
0 0 1 0 o | o 1 | o
BLOCK1 Write waits Read waits
CS/WAIT 0001: 0  waits 0010:1  waits 0001: 0 waits 0010:1 waits
0101: 2  waits 0110: 3  waits 0101:2 waits 0110: 3 waits
B1CSL Cor.1trol 0144H 0111: 4  waits 1000: 5 waits 0111: 4 waits 1000:5 waits
register 1001: 6 waits  1010:7  waits 1001: 6 waits  1010:7 waits
low 1011: 8  waits 1100: 9  waits 1011: 8 waits  1100:9 waits
1101: 10 waits 1110: 12 waits 1101: 10 waits 1110:12 waits
1111:16 waits 0100: 20 waits 1111: 16 waits 0100: 20 waits
0011: 6 states + WAIT pin input mode 0011: 6 states + WAIT pin input mode
Others: Reserved Others: Reserved
B1E BIREC | B1OM1 | B1OMO | B1BUS1 | B1BUSO
BLOCK1 RIW RW
CSIWAIT 0 0 o [ o o [ o
B1CSH control 0145H CS select Dummy 00: ROM/SRAM Data bus width
register 0: Disable cycle 01: Reserved 00: 8 bits
high 1: Enable 0:No 10: Reserved 01: 16 bits
insert 11: SDRAM 10: Reserved
1: Insert 11: Don't set
B2WW3 | B2WW2 | B2ww1l B2WWO0 B2WR3 | B2WR2 B2WR1 | B2WRO
R/W
0 0 1 0 o | o 1 | o
BLOCK?2 Write waits Read waits
CS/WAIT 0001: 0 waits 0010: 1  waits 0001: 0 waits 0010: 1  waits
B2CSL trol 0148H 0101: 2  waits 0110: 3  waits 0101: 2  waits 0110: 3  waits
contro 0111: 4 waits  1000:5 waits 0111:4 waits  1000:5 waits
register 1001: 6 waits ~ 1010: 7  waits 1001: 6 waits  1010:7 waits
low 1011: 8  waits 1100:9  waits 1011: 8  waits 1100: 9  waits
1101: 10  waits 1110: 12 waits 1101: 10 waits  1110: 12 waits
1111: 16  waits 0100: 20  waits 1111: 16 waits 0100: 20 waits
0011: 6 states + WAIT pin input mode 0011: 6 states + WAIT pin input mode
Others: Reserved Others: Reserved
B2E | B2M B2REC | B20M1 | B20MO | B2BUS1 | B2BUSO
BLOCK2 RIW RIW
CSIWAIT 1 0 0 o [ o o | 1
B2CSH control 0149H CS select | 0:16 MB Dummy 00: ROM/SRAM Data bus width
register 0: Disable | 1: Sets cycle 01: Reserved 00: 8 hits
high 1: Enable area 0:No 10: Reserved 01: 16 bits
insert 11: SDRAM 10: Reserved
1: Insert 11: Don't set
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TOSHIBA TMP92CF30

(3) Memory controller (2/4)

Symbol | Name | Address 7 6 5 4 3 2 1 0
B3WW3 [ B3ww?2 | B3WW1 | B3WWO0 B3WR3 B3WR2 B3WR1 B3WRO
R/W
o | o | 1 | o o | o | 1 | o
Write waits Read waits
BLOCK3 0001: 0  waits 0010: 1  waits 0001: 0 waits 0010:1 waits
CS/WAIT 0101:2 waits  0110:3 waits 0101:2 waits 0110:3 waits
B3CSL Control 014CH |0111:4 waits  1000:5 waits 0111:4 waits 1000:5 waits
register 1001: 6 waits 1010: 7 waits 1001: 6 waits 1010: 7 waits
low 1011:8 waits  1100:9 waits 1011:8 waits 1100:9 waits
1101: 10 waits 1110: 12 waits 1101: 10 waits 1110:12 waits
1111:16 waits 0100: 20 waits 1111: 16 waits 0100: 20 waits
0011: 6 states + WAIT pin input mode 0011: 6 states + WAIT pin input mode
Others: Reserved Others: Reserved
B3E B3REC | B30OM1 | B30OMO | B3BUS1 | B3BUSO
BLOCK3 R/W R/W
CS/WAIT 0 0 o | o o [ o
B3CSH control 014DH | CS select Dummy 00: ROM/SRAM Data bus width
register 0: Disable cycle 01: Reserved 00: 8 bits
high 1: Enable 0:No 10: Reserved 01: 16 bits
insert 11: Reserved 10: Reserved
1: Insert 11: Don't set
BEXWW3 | BEXWW2 | BEXWW1 | BEXWWO0 | BEXWR3 | BEXWR?2 | BEXWR1 | BEXWRO
R/W
o | o | 1 T o o | o | 1 T o
Write waits Read waits
BLOCK EX 0001: 0 waits 0010: 1  waits 0001: 0 waits 0010:1 waits
CS/WAIT 0101:2 waits  0110:3 waits 0101:2 waits 0110:3 waits
BEXCSL control 0158H |0111:4 waits  1000:5 waits 0111:4 waits  1000:5 waits
register 1001: 6 waits  1010:7 waits 1001: 6 waits  1010: 7 waits
low 1011: 8 waits  1100:9 waits 1011: 8 waits 1100: 9 waits
1101: 10 waits 1110: 12 waits 1101: 10 waits 1110: 12 waits
1111:16 waits 0100: 20 waits 1111: 16 waits 0100: 20 waits
0011: 6 states + WAIT pin input mode 0011: 6 states + WAIT pin input mode
Others: Reserved Others: Reserved
BEXREC | BEXOM1 | BEXOMO | BEXBUS1 | BEXBUSO
BLOCK EX RIW
CSIWAIT 0 o [ o o [ o
BEXCSH control 0159H Dummy 00: ROM/SRAM Data bus width
register cycle 01: Reserved 00: 8 bits
high 0:No 10: Reserved 01: 16 bits
insert 11: Reserved 10: Reserved
1: Insert 11: Don't set
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(3) Memory controller (3/4)

Symbol | Name | Address 7 6 5 4 3 2 1 0

Memory mMov20 | movio | movis [ moviz | Movie | Movis | Movi4-9 | Move
MAMRo | 2ddress | o401, RIW

mask 1 1 1 | 1 | 1 | 1 | 1 | 1

register 0 0: Compare enable 1. Compare disable

Memory M0S23 | M0S22 | M0s21 | M0S20 | M0S19 | MOS18 | M0S17 | MOS16
MSARO start 0143H RIW

address 1 1 1 ] 1 2 ] 1 T a1

register O Set start address A23 to A16

Memory Miv21i | Miv2o | mivio | mivig | Mivi7 | Mivie | mvis9 | Mi1va
MAMR1 address 0146H R/W

mask 1 1 1 | 1 | 1 | 1 | 1 | 1

register 1 0: Compare enable 1: Compare disable

Memory M1s23 | M1s22 | mi1s21 | m1s20 | m1S19 | M1s18 | M1S17 | M1S16
MSAR1 start 0147H RIW

address 1 1 1 | 1 | 1 | 1 | 1 | 1

register 1 Set start address A23 to A16

Memory M2v22 | M2v21 | M2v20 | m2vi9 | M2vi8 | M2vi7 | M2vie | M2vi5
MAMR2 | 2ddresS | ik RIW

mask 1 1 1 [ 1 [ 1 [ 2 1 ]

register 2 0: Compare enable 1. Compare disable

Memory M2523 | M2s22 | M2s21 | M2520 | M2s19 | M2s18 | M2S17 | M2S16
MSAR?2 start | 914BH RIW

address 1 1 1 ] 1 2 ] 1 T a1

register 2 Set start address A23 to A16

Memory mM3v22 | M3v2i | m3v2o [ M3vig | M3vig | M3vi7 | M3Vi6 | M3Vi5
MAMR3 | 2ddress | giaeh RIW

mask 1 1 1 ] 1 ] a7 1 T a1

register 3 0: Compare enable 1: Compare disable

Memory M3523 | M3s22 | m3s21 | M3s20 | M3s19 | M3s18 | M3S17 | M3S16
MSAR3 start 014FH RIW

address 1 1 1 | 1 [ 1 | 1 | 1 | 1

register 3 Set start address A23 to A16
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(3) Memory controller (4/4)
Symbol | Name | Address 7 6 5 4 3 2 1 0
OPGE OPWR1 OPWRO PR1 PRO
R/W
Page 0 0 | 0 1 | o
PMEMCR ROM 0166H ROM Wait number on page | Byte number in a page
control page 00: 1 CLK (n-1-1-1 mode) | 00: 64 bytes
register access 01: 2 CLK (n-2-2-2 mode) | 01: 32 bytes
0: Disable [ 10: 3 CLK (n-3-3-3 mode) | 10: 16 bytes
1: Enable | 11: Reserved 11: 8 bytes
TACSEL1 | TACSELO TAC1 | TACO
R/IW R/W
Adjust for 0 | 0 0 | 0
CSTMGCR Timing of 0168H Select area to Select delay time(TAC)
control change timing 00:0 x 1ffsys
signal 00:CS0 01:Cs1 011 x 1ffsys
10:CS2 11:CS3 10:2 x 1/fsys
11:Reserved
TCWSEL1 [TCWSELO| TCws1 | Tcwso | TcwH1 | TcwHo
_ R/W
Adjust for o | o o | o 0 | 0
WRTMGCR Timing of 0169H Select area to Select delay time(TCWS) | Select delay time(TCWH)
control change timing 00:0.5 x 1/fsys 00:0.5 x 1/fsys
signal 00:CS0 01:CS1 |01:1.5 x 1/fsys 01:1.5 x 1fsys
10:CS2 11:CS3 |10:2.5 x 1/fsys 10:2.5 x 1/fsys
11:3.5 x 1fsys 11:3.5 x 1fsys
BITCRS1 | BITCRSO | B1TCRH1 | BITCRHO | BOTCRS1 | BOTCRSO | BOTCRH1 | BOTCRHO
R/W
Adjust for o | o o | o o | o 0 ] 0
RDTMGCRO Timing of 016AH | Select delay time(TCRS) | Select delay time(TCRH) | Select delay time(TCRS) [ Select delay time(TCRH)
control 00:0.5 x 1/fsys 00:0 x 1/fsys 00:0.5 x 1/fsys 00:0 x 1/fsys
Slgnal 01:1.5 l/fsys 01:1 x l/fsys 01:1.5 x l/fsys 01:1 x 1/fsy3
10:2.5 x 1/fsy3 10:2 x 1/fsy3 10:2.5 x 1/f5ys 10:2 x l/fsys
11:3.5 x 1/f5y5 11:3 x 1/fsy3 11:3.5 x 1/f3y3 11:3 x l/fsy;
B3TCRS1 |B3TCRSO |B3TCRH1 |B3TCRHO |B2TCRS1 |B2TCRSO |B2TCRH1 |B2TCRHO
R/W
Adjust for o | o o | o o | o 0o | 0
RDTMGCR1 Timing (I)f 016BH | Select delay time(TCRS) | Select delay time(TCRH) | Select delay time(TCRS) [ Select delay time(TCRH)
antro 00:0.5 x 1/fsy3 00:0 x 1/fsy3 00:0.5 x 1/f5ys 00:0 x l/fsys
signal 01:1.5 x 1/fsys 01:1 x 1/fsys 01:1.5 x 1/fsys 01:1 x 1/fsys
10:2.5 x l/fsys 10:2 x l/fsys 10:2.5 x l/fsys 10:2 x 1/fsy3
11:3.5 x 1/f S 11:3 x 1/fsy; 11:3.5 x 1/f3ys 11:3 x l/fsy;
CSDIS - -
R/W
Boot Rom 1 1 0
BROMCR | Control | 016CH Nand-Flash | Always | Always
register Area CS | write “1” | write “0”
Output
0:enable
1:disable
RAM R/W
RAMCR Control 016DH 1
register
Always
write “1”
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(4) TSI
Symbol | Name | Address 7 6 5 4 3 2 1 0
TSI7 INGE PTST TWIEN PYEN PXEN MYEN MXEN
R/W R R/W
0 0 0 0 0 0 0 0
TSI 0: Disable | Input gate | Detection | INT4 SPY SPX SMY SMX
TSICRO r:;z:;cr"o O1FOH 11: Enable gf::ttrol of | condition Lﬂéi::glpt 0:OFF |0:OFF |0:OFF |0:OFF
0: no 1:0N 1:0N 1:0N 1:0ON
96,97 touch 0: Disable
O:Enable | 1.40,ch | 1: Enable
1: Disable
DBC7 DB1024 DB256 DB64 DB8 DB4 DB2 DB1
TSI R
TSICR1 control 01F1H 0 0 0 0 0 0 0
registerl 0: Disable 1024 256 64 8 4 2 1
1: Enable De-bounce time is set by “(N*64-16) / fsys’-formula.
“N” is sum of number which is set to “1” in bit6 to bit O.
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(5) SDRAM controller

Symbol | Name | Address 7 6 5 4 3 2 1 0
SRDS - SMUXW1 | SMUXWO SPRE SMAC
R/W R/W
1 0 o | o 0 0
SDRAM Read Always Address multiplex Read/Write SDRAM
access data shift | write “0” | type commands controller
SDACR control 0250H | function 00: Type A (A9-)
register 0: Disable 01: Type B (A10-) 0: Without 0: Disable
1: Enable 10: Type C (A1l-) auto pre- 1: Enable
11: Reserved charge
1: With auto
precharge
STMRD STWR | STRP STRCD STRC2 STRC1 STRCO
SDRAM RIW
Command 1 1 1 1 1 0 0
SDCISR ggtfl\r/]i? 0251H TMRD TWR TRP TRCD TR(? .
. 000: 1 CLK 100: 5 CLK
Register 0:1CLK |0:1CLK [0:1CLK [0:1CLK | 001:2CLK 101:6 CLK
1: 2 CLK 1:2CLK [1:2CLK 1:2 CLK 010: 3CLK 110: 7 CLK
011:4 CLK 111:8CLK
- SSAE SRS2 SRS1 | SRs0 | SRC
R/W R/W
0 1 o | o T o 0
SDRAM Always Self Refresh interval Auto
SDRCR refresh 0252H write “0” Refresh | 000: 47 states  100: 468 states | Refresh
control auto 001: 78 states  101: 624 states
register exit ) 010: 156 states 110: 936 states [ O:Disable
function 1 511: 312 states  111: 1248 states | 1:Enable
0:Disable
1:Enable
SCMM2 | SCMM1 SCMMO
R/W
o | o [ o
Command issue
000: Don't care
001: Initialization sequence
SDCMM SDRAM a. Precharge All command
C?;glcd 02534 b. Eight Auto Refresh commands
9 c. Mode Register Set command
010: Precharge All command
100: Reserved
101: Self Refresh Entry command
110: Self Refresh Exit command
Others: Reserved
SDBL5 SDBL4 SDBL3 SDBL2 SDBL1 SDBLO
SDRAM 0 0 0 0 0 0
SDBLS HDRAM 0254H For For For For For For
burst length HDMA5 [HDMA4 |HDMA3 |HDMA2 |HDMA1l |HDMAO
register

HDMA burst length
0:1 Word Read / Single Write
1:Full Page Read / Burst Write
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(6) USB controller (1/6)
Symbol Name | Address 7 6 5 4 3 2 1 0
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAMO RAM 0 0500H R/W
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAM1 RAM 1 0501H R/W
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAM2 RAM 2 0502H R/IW
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAM3 RAM 3 0503H R/IW
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor o7 | oe | bps | b4 | b3 | b2 | b1 | DO
Descriptor RAM381| RAM 381 | 067DH R/IW
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAM382| RAM 382 | 067EH R/W
register Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Descriptor D7 D6 D5 D4 D3 D2 D1 DO
Descriptor RAM383| RAM 383 | 067FH R/W
register Undefined | Undefined | Undefined | Undefined | Undefined [ Undefined | Undefined | Undefined
Endooint 0 EPO_DATA7|EPO_DATAG|EPO_DATAS|EPO_DATA4|(EPO_DATA3|EPO_DATA2|EPO_DATA1|EPO_DATAO
Endpoint0 rr‘egi‘;'tzr 0780H RIW
Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Endooint 1 EP1_DATA7[EP1_DATAG6|EP1_DATAS|EP1_DATA4|EP1_DATA3|EP1_DATA2|EP1_DATA1|EP1_DATAO
Endpointl ’r‘e;’ics"tzr 0781H RIW
Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Endooint 2 EP2_DATA7|EP2_DATAG6|EP2_DATA5|EP2_DATA4|EP2_DATA3|EP2_DATA2|EP2_DATA1|EP2_DATAO
Endpoint2 ’r]egi‘s"tgr 0782H RIW
Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
Endooint 3 EP3_DATA7|EP3_DATAG6|EP3_DATA5|EP3_DATA4|EP3_DATA3|EP3_DATA2|EP3_DATAL1|EP3_DATAO
Endpoint3 ’r]egi‘;'tzr 0783H RIW
Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined [ Undefined
Endpoint 1 Payload[2] | Payload[1] | Payload[0]| Mode[1] Mode[0] | Direction
EP1_MODE mode 0789H R/W
register 0 0 0 0 0 0
Endpoint 2 Payload[2] | Payload[1] | Payload[0]| Mode[1] Mode[0] | Direction
EP2_MODE mode 078AH R/W
register 0 0 0 0 0 0
Endpoint 3 Payload[2] | Payload[1] | Payload[0]| Mode[1] Mode[0] | Direction
EP3_MODE mode 078BH R/W
register 0 | 0 | 0 | 0 | 0 | 0
92CF30-603 2009-06-12



TOSHIBA TMP92CF30
(6) USB controller (2/6)
Symbol Name | Address 7 6 5 4 3 2 1 0
Endpoint 0 TOGGLE SUSPEND | STATUS[2] | STATUS[1] | STATUS[0] |FIFO_DISABLE| STAGE ERR
EPO_STATUS status 0790H R
register 0 0 1 1 1 0 0
Endpoint 1 TOGGLE SUSPEND STATUS[2] STATUS[1] STATUS[0] |FIFO_DISABLE| STAGE_ERR
EP1_STATUS status 0791H R
register 0 0 1 1 1 0 0
Endpoint 2 TOGGLE SUSPEND STATUS[2] STATUS[1] STATUS[0] |FIFO_DISABLE| STAGE_ERR
EP2_STATUS status 0792H R
register 0 0 1 1 1 0 0
Endpoint 3 TOGGLE SUSPEND STATUS[2] STATUS[1] STATUS[0] |FIFO_DISABLE| STAGE_ERR
EP3_STATUS status 0793H R
register 0 0 1 1 1 0 0
Endpoint 0 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
EPo SizE L A| 5% 0798H R
register 1 0 0 0 1 0 0 0
Low A
Endpoint 0 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
EPL sizE L A| 5% 0799H R
register 1 0 0 0 1 0 0 0
Low A
Endpoint 2 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
Ep2 size L A|  S%€ 079AH R
register 1 0 0 0 1 0 0 0
Low A
Endpoint 3 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
EP3_SIZE_ LA reSIiZsTer 079BH R
9 1 0 0 0 1 0 0 0
Low A
Endpoint 1 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
EpL size L B| 5% 07A1H R
register 0 0 0 0 1 0 0 0
Low B
Endpoint 2 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
Ep2 size L B| 5% 07A2H R
register 0 0 0 0 1 0 0 0
Low B
Endpoint 3 PKT_ACTIVE DATASIZE6 DATASIZES DATASIZE4 DATASIZE3 DATASIZE2 DATASIZE1 DATASIZEO
Ep3 size LB| S%© 07A3H R
register 0 0 0 0 1 0 0 0
Low B
Endpoint 1 DATASIZE9 | DATASIZES | DATASIZE?
EPL SIZE H_A rezlizsfer 07A9H R
) 0 0 0
High A
Endpoint 2 DATASIZE9 | DATASIZES | DATASIZE7
Ep2 size H A|  SI#€ 07AAH R
register 0 0 0
High A
Endpoint 3 DATASIZE9 | DATASIZES | DATASIZE?
EP3 SIZE H A|  SZ€ 07ABH R
register 0 0 0
HighA
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(6) USB controller (3/6)
Symbol Name | Address 7 6 5 4 3 2 1 0
Endpoint 1 DATASIZE9 DATASIZES DATASIZE7
EPL SIZE H B reziser 07B1H R
High B 0 0 0
Endpoint 2 DATASIZE9 | DATASIZES | DATASIZE7
EP2_SIZE H B size 07B2H R
reglster
High B 0 0 0
Endpoint 0 DATASIZE9 | DATASIZES | DATASIZE7
EP3 SIZE_H_B reziizsfer 07B3H R
High B 0 0 0
meequeSt- DIRECTION REQ_TYPE1 REQ_TYPEO RECIPIENT4 RECIPIENT3 RECIPIENT2 RECIPIENT1 RECIPIENTO
bmRequestType Type 07COH R
register 0 0 0 0 0 0 0 0
REQUEST7 REQUEST6 REQUEST5 REQUEST4 REQUEST3 REQUEST2 REQUEST1 REQUESTO
bRequest erZ?S‘ift 07C1H R
0 0 0 0 0 0 0 0
wValue VALUE_L7 VALUE_L6 VALUE_L5 VALUE_L4 VALUE_L3 VALUE_L2 VALUE_L1 VALUE_LO
wValue_L register 07C2H R
Low 0 0 0 0 0 0 0 0
wValue VALUE_H7 VALUE_H6 VALUE_H5 VALUE_H4 VALUE_H3 VALUE_H2 VALUE_H1 VALUE_HO
wValue_H register 07C3H R
High 0 0 0 0 0 0 0 0
windex INDEX_L7 INDEX_L6 INDEX_L5 INDEX_L4 INDEX_L3 INDEX_L2 INDEX_L1 INDEX_LO
windex_L register 07C4H R
Low 0 0 0 0 0 0 0 0
windex INDEX_H7 INDEX_H6 INDEX_H5 INDEX_H4 INDEX_H3 INDEX_H2 INDEX_H1 INDEX_HO
windex_H register 07C5H R
High 0 0 0 0 0 0 0 0
WLength LENGTH_L7 LENGTH_L6 LENGTH_L5 LENGTH_L4 LENGTH_L3 LENGTH_L2 LENGTH_L1 LENGTH_LO
wLength_L register 07C6H R
Low 0 0 0 0 0 0 0 0
wLength LENGTH_H7 | LENGTH_H6 | LENGTH_H5 | LENGTH_H4 | LENGTH_H3 | LENGTH_H2 | LENGTH_H1 | LENGTH_HO
wLength_H register 07C7H R
High 0 0 0 0 0 0 0 0
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(6) USB controller (4/6)

Symbol Name |Address 7 6 5 4 3 2 1 0
) D7 D6 D5 D4 D3 D2 D1 DO
SetupReceived SetupRgcel- 07C8H w
ved register
0 0 0 0 0 0 0 0
Current REMOTEWAKEUP ALTERNATE[1]|ALTERNATE[0]| INTERFACE[1] | INTERFACE[0]| CONFIG[1] CONFIG[0]
Current_Config Config 07C9H R R
register 0 0 0 0 0 0 0
Standard- S_INTERFACE |G_INTERFACE| S_CONFIG G_CONFIG | G_DESCRIPT [ S_FEATURE | C_FEATURE | G_STATUS
Standard Request| Request | 07CAH R
register 0 0 0 0 0 0 0 0
SOFT_RESET | G_PORT_STS | G_DEVICE_ID| VENDOR CLASS EXSTANDARD | STANDARD
Request Request 07CBH R
register
0 0 0 0 0 0 0
EP3_DSET_B | EP3_DSET A | EP2_DSET_B | EP2_DSET_A | EP1_DSET_B | EP1_DSET_A EPO_DSET_A
patasers | PATASET L g700h R R
register
0 0 0 0 0 0 0
EP7 DSET B | EP7_DSET_A | EP6_DSET B | EP6_DSET_A | EP5 DSET_B | EP5_DSET_A | EP4_DSET_B | EP4_DSET_A
pataserz | PATASET 2| 070 R
register
0 0 0 0 0 0 0 0
Configured | Addressed Default
use_sTaTe | USB S | porpy RIW R
register
0 0 1
EP7_EOPB EP6_EOPB | EP5_EOPB | EP4_EOPB | EP3_EOPB | EP2_EOPB | EP1_EOPB | EPO_EOPB
EOP EQP 07CFH w
register
1 1 1 1 1 1 1 1
EP[2] EP[1] EP[0] Command[3] | Command[2] | Command[1] | Command[0]
commanp | Command | g7p0 w
register
0 0 0 0 0 0 0
Endpoint 1 EP3_SELECT |EP2_SELECT|EP1_SELECT EP3_SINGLE [ EP2_SINGLE | EP1_SINGLE
EPx_SINGLE1 single 07D1H R/W R/W
l‘eglster 0 0 0 0 0 0
Endpoint 1 EP3_SELECT |EP2_SELECT|EP1_SELECT EP3_BCS EP2_BCS EP1 _BCS
EPx_BCS1 BCS 07D3H R/W R/IW
reg|ster 0 0 0 0 0 0
Interrupt Status_nak
INT_Control control 07D6H R/W
register 0
Standard S_Interface G_Interface S_Config G_Config G_Descript | S_Feature C_Feature G_Status
Stand?/rlc;;equest Rr?](:)léeest 07D8H R/W
. 0 0 0 0 0 0 0 0
register
Request Soft_Reset | G_Port_Sts | G_Deviceld
Request Mode mode 07D9H R/W
I’eglstel’ 0 0 0
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(6) USB controller (5/6)
Symbol | Name | Address 7 6 5 4 3 2 1 0
Port Reserved7 Reserved6 PaperError Select NotError Reserved2 | Reservedl | ReservedO
Port Status status 07EOH w
register 0 0 0 1 1 0 0 0
Frame - T[6] T[5] T[4] T[3] T[2] T[1] T[O]
FRAME_L | register 07E1H R
Low 0 0 0 0 0 0 0 0
T[10] T[9] T[8] T[7] CREATE [FRAME_STS1|FRAME_STSO
FRAME_H rezri;”;fH 07E2H R R
0 0 0 0 0 1 0
A6 A5 A4 A3 A2 Al A0
ADDRESS fggi;e;f 07E3H R
0 0 0 0 0 0 0
USB USBREADY
USBREADY ready 07E6H R/W
register 0
Set- S D _STALL
Set Descriptor| Descriptor 07ESH W
STALL stall
register 0
INT_URST_STR|INT_URST_END| INT_SUS | INT_RESUME | INT_CLKSTOP [ INT_CLKON
ternopt | O7FOH R
USBINTFRI | g (Prohibit 0 | 0 | o | o | 0 | 0
register 1 RMW) When read 0: Not generate interrupt When write  0: Clear flag
1: Generate interrupt 1. -
EP1_FULL_A |EP1_Empty_A| EP1_FULL B |EP1_Empty_B| EP2_FULL_A | EP2_Empty_A | EP2_FULL B | EP2_Empty B
. uUsB 07F1H R/W
USBINTFR2 |ntﬁ;rupt (Prohibit 0 | 0 | 0 | 0 | 0 | 0 0 0
registger 2| RMW) When read 0: Not generate interrupt When write 0: Clear flag
1: Generate interrupt 1. -
EP3_FULL_A |EP3_Emply_A| EP3_FULL_B |EP3_Emply_B
R/W
_USB 1 o7p2n o | o [ o | o
interrupt - :
USBINTFR3 flag (Prohibit When read 0:Not generate interrupt
register 3 RMW) 1:Generate interrupt
When write 0: Clear flag
1 -
INT_SETUP | INT_EPO | INT_STAS | INT_STASN [ INT_EPIN INT_EP2N INT_EP3N
_UsB 07F3H RIW
useinTrRa | MO | pronibit o [ o [ o T o 0 0 0
registger 4| RMW) When read 0: Not generate interrupt When write  0: Clear flag
1: Generate interrupt 1. -
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TMP92CF30
(6) USB controller (6/6)
Symbol | Name | Address 7 6 5 4 3 2 1 0
USB MSK_URST_STR|MSK_URST_END| MSK_SUS | MSK_RESUME [ MSK_CLKSTOP | MSK_CLKON
usaINTMR1| MEMUPE | o7 RIW
mask N R T T T
register 1 0: Be not masked 1: Be masked
USB EP1_MSK_FA | EP1_MSK_EA | EP1_MSK_FB | EP1_MSK_EB | EP2_MSK_FA | EP2_MSK_EA | EP2_MSK_FB | EP2_MSK_EB
i R/W
usBINTMRz| METUPE | 7FsH /
mask t | x| 12 | 1 ] 1 ]2 1 1
register 2 0: Be not masked 1: Be masked
EP3_MSK_FA | EP3_MSK_EA
R/W
USB 1 | 1
interrupt
USBINTMR3| © 07F6H [ 0: Be not masked
register 3 1: Be masked
USB MSK_SETUP | MSK_EPO MSK_STAS | MSK_STASN MSK_EPIN MSK_EP2N MSK_EP3N
i R/W
USBINTMR4 '”te"”kpt 07F7H
mask 1 |1 1 1 1 1 1
register
9 0: Be not masked 1: Be masked
TRNS_USE | WAKEUP SPEED USBCLKE
R/W R/W
usB
USBCR1 control 07F8H 0 0 L 0
register 1 Transceiver Wake up
0O:disable 0: —
1:enble 1:Start
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TMP92CF30
(1) SPIC (1/2)
Symbol | Name | Address 7 6 5 4 3 2 1 0
SWRST XEN CLKSEL2 | CLKSEL1 | CLKSELO
W R/W R/W
0820H 0 0 1 | o | o
(Prohibit | Software | SYSCK Select Baud Rate
RMW) reset 0: disable 000:Reserved 100: fsys/8
0: don't 1: enable 001: fsys/2 101: fsys/16
care 010: fsys/3 110: fsys/64
SPI Mode 1: Reset 011: foys/4 111: foys/256
SPIMD Setting LOOPBACK| MSB1ST | DOSTAT TCPOL | RCPOL | TDINV | RDINV
register
9 RIW RIW
0821H 0 1 1 0 0 0 0
(Prohibit LOOPBACK |Start bit for [SPDO pin Synchronous |Synchronou |Invert data |Invert data
Test mode [Transmit/ |state clock edge s clock edge [During During
RMW) . . . ) ) o~ o
0:disbale Receive (no transmit) during during transmitting |receiving
l:enable 0:LSB 0:fixed to "0” transmitting  |receiving 0: disable  |0: disable
1:MSB 1:fixed to "1” 0: fall 0: fall 1: enable 1: enable
1: rise 1: rise
CEN SPCS_B UNIT16 TXMOD TXE FDPXE RXMOD RXE
R/W
0 1 0 0 0 0 0 0
0822H communica [ Spcs pin | Data length | Transmit Transmit Alignment | Receive Receive
tion 0: outout 0: 8bit mode control n Mode control
control -oup 1: 16hit 0: UNIT 0: disable | Full duplex | o: UNIT 0: disable
0: disable | ‘0" 1 1: enable 0: disable | 3: 1: enable
SPI 1:enable | 1: output Sequential 1:enable | sequential
SPICT | Control =
register CRC16_7_B|CRCRX_TX_B|CRCRESET_B
R/W
0 0 0
CRC select [ CRCdata | CRC
0623H 0: CRC7 0: Transmit | calculate
1: CRC16 | 1:receive | register
0:Reset
1:Release
Reset
TEMP TEND REND
R R
1 1 0
Transmit Transmit Receive
0824H FIFO Status Status
Status 0: during 0: during
SPI transmission |receiving
SPIST Status 0: no space or having or not having
ist 1: having transmission |[receiving data
register space data 1: finish or not
1: finish having space
0825H
TEMPIE RFULIE TENDIE RENDIE
R/W
082CH 0 0 0 0
SPI TEMP RFUL TEND REND
| interrupt interrupt interrupt interrupt
SPIIE nterLl:pt O:enable O:enable O:enable O:enable
enable Ldisable  |1:disable  |1:disable  |1:disable
register
082DH
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(7) SPIC (2/2)

Symbol | Name | Address 7 6 5 4 3 2 1 0
CRCD7 | CRCD6 | CRCD5 | CRCD4 | CRCD3 | CRCD2 | CRCD1 | CRCDO
R
BT o [ o | o | o | o [ o | o
SPICR c?;cl: CRC result register [7:0]
register CRCD15 | CRCD14 | CRCD13 | cReD12 | cRebi11 | cReb1o | crepg | cReps
R
0827H o | o | o | o | o | o | o | o
CRC result register [15:8]
Tx07 | TxD6 | Txp5 | Txp4 | TXD3 | TXD2 | TXD1 | TXDO
RIW
e | [0 T e T o1 o] o [ o] oo
SPITDO transmission Transmit data register [7:0]
data0 TxD15 | TxD14 | TxD13 | TxD12 | TxD11 | TXD10 | TXD9 | TXD8
register RIW
0831H o | o | o | o | o | o [ o [ o
Transmit data register [15:8]
Tx07 | TxD6 | Txp5 | Txp4 | TxD3 | TXD2 | TXD1 | TXDO
RIW
o |00 T o T o T o [ o [ o [ o [ o
SPITD1 transmission Transmit data register [7:0]
datal TxD15 | TxD14 | TXD13 | TxD12 | TXD11 | TXD10 | TXD9 | TXD8
register RIW
0833H o | o | o | o | o | o [ o [ o

Transmit data register [15:8]

RxD7 | RxD6 | RxDs | Rxpa | Rxp3 | Rxp2 | Rxp1 | RxDO

R
0834H
SPI o | o | o | o [ o | o | o | o
SPIRDO receive Receive data register [7:0]
da.tato RXD15 | RxD14 | RxD13 | RXD12 | RxDi1 | RXD10 | RXD9 | RXDS8
register
0835H R
o [ o | o [ o | o [ o | o [ o
Receive data register [15:8]
RXD7 | RxD6 | RxD5 | RXD4 | RXD3 | RxD2 | RxD1 | RxDO
0836H o | o | o [ o T o | o | o | o
SPI
SPIRD1 receive Receive data register [7:0]
datal RXD15 | RXD14 | RxD13 | RxD12 | RxDpi1 | RxD10 | RxD9 | RxDS
register
0837H R
o [ o | o | o [ o [ o | o | o

Receive data register [15:8]
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(8) MMU (1/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
o880H| o | o [ o J o [ o [ o J o J o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
; LXE X8
register
LOCALPX for R/W R/W
program 0 0
0881H |Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
vys | vya | vy3 | yvy2 | vyi | Yo
R/W
0882H o | o J o T o T o T o
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOCALY be specified as 3.)
LOCALPY re?'osrter LYE
R/W
program
0
0883H gank for
LOCAL-Y
0: Disable
1: Enable
z7 Z6 Z5 74 Z3 z2 Z1 Z0
R/W
0884H [ 0 [ o [ o J o J o [ o [ o [ o
Specify the bank number for the LOCAL-Z area
(Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
LOCALZ
register LZE 28
LOCALPZ for RIW R/W
program 0 0
0885H |gank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(8) MMU (2/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
0890H [ 0 o | o J o J o J o | o [ o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
LOCALRx| [e9ster :;),(VI\E, Rﬁ,
read 0 0
0891H |Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through XO0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
vys | vya | v3 | v2 | vyi | yo
R/W
o | o | o | o | o [ o
0892H
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LO(?ALY be specified as 3.)
LOCALRY re?;ter LYE
read RIW
0
0893H gank for
LOCAL-Y
0: Disable
1: Enable
7 76 Z5 Z4 Z3 Z2 Z1 Z0
R/W
0894H 0 o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
LOCALRZ register LZE Z8
for RIW R/IW
read 0 0
0895H  [Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(8) MMU (3/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
0898H [ 0 o | o J o J o J o | o [ o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
; LXE X8
register
LOCALWX for RIW RIW
write 0 0
0899H |Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
vys | vya | v3 | v2 | vyi | yo
R/W
o | o | o | o | o [ o
089AH
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOC_ALY be specified as 3.)
LOCALWY re%'frter LYE
write R/W
0
089BH Igank for
LOCAL-Y
0: Disable
1: Enable
z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0
R/W
089CH 0 o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
i LZE Z8
LOCALWZ register
for R/W R/IW
write 0 0
089DH |Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(8) MMU (4/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
08AOH | 0 o | o J o J o J o | o [ o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
register LXE X8
LOCALESX| {5 DMA RIW RIW
source 0 0
08A1H [Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 t0 111111111 CSXB
vys | vya | v3 | v2 | vyi | yo
R/W
o | o | o | o | o [ o
08A2H
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOQALY be specified as 3.)
LOCALESY register LYE
for DMA
source R/W
0
08A3H  Igank for
LOCAL-Y
0: Disable
1: Enable
z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0
R/W
08A4H 0 o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3)
register LZE Z8
LOCALESZ for DMA RIW RIW
source 0 0
08ASH |BANK for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(8) MMU (5/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
osA8H| o | o | o | o J o J o | o T o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
register LXE X8
LOCALEDX|  t5- DMA RIW RIW
destination 0 0
08A9H  [Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
vys | vya | v3 | v2 | vyi | yo
R/W
0BAAH o | o | o | o | o [ o
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOCALY be specified as 3.)
register
LOCALEDY| (.- DMA LYE
destination RIW
0
08ABH  |gank for
LOCAL-Y
0: Disable
1: Enable
zZ7 76 Z5 Z4 Z3 z2 Z1 Z0
R/W
08ACH o | o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
register LZE Z8
LOCALEDZ| (.- "DMA VY W
destination 0 0
08ADH |Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(8) MMU (6/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
osBOH| o | o J o | o J o J o | o T o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
register LXE X8
LOCALOSX| 0 PMA RIW RIW
source 0 0
08B1H [Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 t0 111111111 CSXB
vys | vya | v3 | v2 | vyi | yo
R/W
08B2H o | o | o | o | o [ o
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOCALY be specified as 3.)
register
LOCALOSY | ¢ DMA LYE
source RIW
0
08B3H |gank for
LOCAL-Y
0: Disable
1: Enable
zZ7 76 Z5 Z4 Z3 z2 Z1 Z0
R/W
08B4H o | o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
register LZE Z8
LOCALOSZ| ¢, DMA VY W
source 0 0
08BSH  [Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(10) MMU (7/7)
Symbol | Name | Address 7 6 5 4 3 2 1 0
X7 X6 X5 X4 X3 X2 X1 X0
R/W
08B8H | 0 o | o | o | o | o | o | o
Specify the bank number for the LOCAL-X area
LOCALX (Since bank 0 is overlapping with the COMMON area, this filed must not be specified as 0.)
register LXE X8
LOCALODX| o DMA RIW RIW
destination 0 0
08B9H  [Bank for Specify the bank number for the LOCAL-X area
LOCAL-X Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable 000000000 to 011111111 CSXA
1: Enable 100000000 to 111111111 CSXB
vys | vya | vz | vy2 | vyi | vo
R/W
08BAH o | o | o [ o | o | o
Specify the bank number for the LOCAL-Y area
(Since bank 3 is overlapping with the COMMON area, this filed must not
LOCALY be specified as 3.)
register
LOCALODY | ¢ "5 ia LYE
destination RIW
0
08BBH |BANK for
LOCAL-Y
0: Disable
1: Enable
7 26 75 Z4 Z3 Z2 Z1 Z0
R/W
08BCH 0 o | o | o 0 0 o | o
Specify the bank number for the LOCAL-Z area
LOCALZ (Since bank 3 is overlapping with the COMMON area, this filed must not be specified as 3.)
register LZE 78
LOCALODZ| ¢ “bMia vy Y
destination 0 0
08BDH [Bank for Specify the bank number for the LOCAL-Z area
LOCAL-Z Settings of the X8 through X0 bits and their corresponding chip select signals
0: Disable | 000000000 to 001111111 CSZA 100000000 to 101111111 Setting prohibited
1: Enable | 010000000 to 011111111 Setting prohibited 110000000 to 111111111 CSZD
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(9) NAND-Flash controller (1/4)
Symbol | Name | Address 7 6 5 4 3 2 1 0
WE ALE CLE CEO CE1 ECCE BUSY | ECCRST
RIW
0 0 0 0 _ 0 0 0 0
WE ALE CLE CEO CElL ECC NAND ECC
08COH | enable control control control control circuit Flash reset
(Prohibit | o: pisable | 0: “L” out | 0:“L” out |0:“H” out | 0: “H” out C°”t_r°' state control
RMW) 1. Enable | 1: *H" out | 1:“H" out | 1:"L" out |1:“L" out |0 Disable | 1:Busy [o0:-
1:Enable |0: Ready |1:Reset
*Always
read as
NANDF ‘0.
NDFMCRO | Control0 SPLW1 | SPLWO | SPHW1 | SPHWO [ RSECCL | RSEDN | RSESTA |[RSECGW
Register RIW W RIW
o | o o | o 0 0 0 0
Strobe pulse width Strobe pulse width Reed- Reed- Reed- Reed-
08C1H | (tow width of NDRE, (High width of NDRE, | Solomon Solomon Solomon Solomon
(Prohibit NDWE ) NDWE ) ECC operation | error ECC
RMW) latch 0: Encode | calculation | generator
Inserted width Inserted width (Write) start write
= (fsvs) x (set value) = (fsvs) x (set value) 0: Disable | 1: Decode 0:- control
1 Enable | (Read) 1: Start 0: Disable
*Always 1: Enable
read as “0".
INTERDY | INTRSC BUSW | Eccs | svyscke
RIW RIW RIW RIW RIW
0 0 0 0 0
Ready Reed- Data bus ECC Clock
08C2H interrupt Solomon width calculation | ¢ontrol
calculation
NANDF 0: Disable [ end 0: 8-bit 0:Hamming | o: pisable
NDFMCR1 | Controll :
; 1: Enable | interrupt 1:16-bit | 1:Reed- [ 1:Enable
Register ) ' '
0: Disable Solomon
1: Enable
STATE3 | STATE2 | STATE1 | STATEO | SEER1 | SEERO
R
08C3H , _
0 | 0 | 0 | 0 | Undefined | Undefined
Status read (See the table below.)
EccD7 | EccDe | ECcDs | Eccp4 | Eccp3 | Eccp2 | Eccbi | ECCDO
08C4H R
o | o | o | o | o | o | o [ o
NANDF NAND Flash ECC Register (7-0) (7-0)
NDECCRDO| Code ECC J
Register0 ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECCD11 | ECCD10 | ECCD9 | ECCD8
08C5H R
o | o | o | o | o | o | o [ o
NAND Flash ECC Register (7-0) (15-8)
ECCD7 | ECCD6 | ECCD5 | EccD4 | EccD3 | ECCD2 | ECcD1 | ECCDO
08C6H R
o | o | o | o | o | o | o [ o
NANDF NAND Flash ECC Register (7-0) (7-0)
NDECCRD1| Code ECC g
Register] ECCD15 | EccD14 | ECcD13 | ECcD12 | ECccpi1 | ECccpio | ECCcD9 | ECCDs
08C7H R
o | o [ o | o | o | o | o [ o
NAND Flash ECC Register (7-0) (15-8)
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TOSHIBA

TMP92CF30
(9) NAND-Flash controller (2/4)
Symbol | Name | Address 7 6 5 4 3 2 1 0
ECCD7 | ECCD6 | ECCD5 | ECCD4 | ECCD3 | ECCD2 | ECCD1 | ECCDO
08C8H R
o | o | o | o | o | o [ o 0
NANDF NAND Flash ECC Register (7-0)
NDECCRD2| Code ECC
Register2 ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECcpi1 | ECCD10 | ECCD9 | ECCD8
08C9H R
o | o | o | o | o | o [ o 0
NAND Flash ECC Register (15-8)
EccD7 | Eccpe | EccDs | Eccp4 | Eccp3 | EccD2 | EccDL | ECCDO
08CAH R
o | o | o | o | o | o | o 0
NANDF NAND Flash ECC Register (7-0)
NDECCRD3| Code ECC
Register3 ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECcpi1 | ECCD10 | ECCD9 | ECCD8
08CBH R
o | o | o | o | o | o [ o 0
NAND Flash ECC Register (15-8)
ECCD7 | ECCD6 | ECCD5 | ECCD4 | ECCD3 | ECCD2 | ECCDL | ECCDO
08CCH R
o | o | o | o | o | o | o 0
NANDF NAND Flash ECC Register (7-0)
NDECCRDA4| Code ECC
Registerd ECCD15 | ECCD14 | ECCD13 | ECCD12 | ECcpi1 | ECCD10 | ECCD9 | ECCD8
08CDH R
o | o [ o | o | o | o [ o 0
NAND Flash ECC Register (15-8)
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(9) NAND-Flash controller (3/4)

Symbol Name |[Address 7 6 5 4 3 2 1 0
RSO0A7 RS0A6 RSOA5 RS0A4 RSO0A3 RS0A2 RSO0A1 RSO0AO0
08DOH R
o | o [ o | o | o [ o | o | o
NANDF NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
read solomon RS0AQ | RSOAS8
NDRSCAO Result R
address
Register0 08D1H 0 | 0
NAND Flash
Reed-Solomon
Calculation Result
Address Register (9-8)
NANDE RS0D7 RS0D6 RS0OD5 RS0D4 RS0D3 RS0D2 RS0D1 | RS0DO
R
NDRSCDO | "4 solomon | ogpyo
ResuAIt data 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Register0 NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
RS1A7 | RS1A6 | RS1A5 | RS1A4 | RS1A3 | RS1A2 | RSIAL | RSIAQ
08D4H R
o | o [ o | o | o [ o | o | o
NANDF NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
read solomon RS1A9 | RS1A8
NDRSCA1 Result R
address |
Registerl 0 0
08D5H
NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
NANDF RS1D7 RS1D6 RS1D5 RS1D4 RS1D3 RS1D2 RS1D1 | RS1DO
R
NDRSCD1 | €89 solomon | neneyy
Result data 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
Registerl NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
RS2A7 | RS2A6 | RS2A5 | RS2A4 | RS2A3 | RS2A2 | RS2AL | RS2A0
08D8H R
o | o [ o | o | o | o | o | o
NANDF NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
read solomon RS2A9 | RS2A8
NDRSCA2 Result
address R
Register2 0 | 0
08D9H NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
NANDE RS2D7 RS2D6 RS2D5 RS2D4 RS2D3 RS2D2 RS2D1 | RS2DO0
R
NDRSCDz2 | "6 selomon | gepyap,
Result data 0 0 0 0 0 0 | 0 | 0
Register2 NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
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(9) NAND-Flash controller (4/4)

Symbol | Name |Address 7 6 5 4 3 2 1 0
RS3A7 RS3A6 RS3A5 RS3A4 RS3A3 RS3A2 RS3A1 RS3A0
08DCH R
0 0 0 0 0 o | o [ o
NANEF NAND Flash Reed-Solomon Calculation Result Address Register (7-0)
rea
RS3A9 RS3A8
NDRSCA3 solomon |
Result R
reasers | 0apDH 0| o
NAND Flash Reed-
Solomon Calculation
Result Address
Register (9-8)
NANDF RS2D7 RS2D6 RS2D5 RS2D4 RS2D3 RS2D2 RS2D1 | RS2DO0
read R
NDRSCD3 solomon 08DEH
Result data 0 | Y | 0 | 0 | 0 | 0 | 0 | 0
Register3 NAND Flash Reed-Solomon Calculation Result Data Register (7-0)
pz | o6 | b5 | ba | b3 | b2 | b1 | Do
R/W
1FFOH
ANDE Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
NDEDTRO Data NAND-Flash Data Register (7-0)
Register0 piIs | pi4a | b3 | b2 | bin | pw | po | b8
1FF1H RIW

Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
NAND-Flash Data Register (15-8)

pz | o6 | bps | ba | b3 | b2 | b1 | Do
RIW
1FF2H
Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
NANDF NAND-Flash Data Register (7-0)
NDFDTR1 Data
Registerl p15 | b4 | b3 | b2 | pir | pwo | b9 | D8
1FF3H RIW

Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined | Undefined
NAND-Flash Data Register (15-8)
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(10) DMAC (1/7)
Symbol | Name |Address 7 6 5 4 3 2 1 0
DOSA7 | DOSA6 | DOSA5 | D0SA4 | DOSA3 | DOSA2 | D0SAL | DOSAO
0900H RIW
o | o o | o | o [ o [ o | o
Source address for DMAO (7:0)
DMA DOSA15 | DOSA14 | D0SA13 | DosA12 | DosA11 | DosA10 | DosA9 | DosAs
HDMASO | S2° 1 0901H RIW
address o | o o | o | o | o [ o | o
Register0 Source address for DMAO (15:8)
DOSA23 | DOSA22 | DoSA21 | DosA20 | DosA19 | DosA18 | DosA17 | DosA16
0902H RIW
o | o o | o | o [ o [ o | o
Source address for DMAO (23:16)
DODA7 | DODA6 | DODA5 | DODA4 | DODA3 | DODA2 | DODAL | DODAO
0904H RIW
o | o o | o | o [ o [ o | o
Destination address for DMAO (7:0)
DMA DODA15 | DODA14 | DODA13 | DODA12 | DODA11 | DODA10 | DODA9 | DoDAS
HDMADo | destination | ), RIW
address o | o o | o | o | o | o | o
Register0 Destination address for DMAO (15:8)
DODA23 | DODA22 | DODA21 | DODA20 | DODA19 | DODA18 | DODA17 | DODA16
0906H RIW
o | o o | o | o [ o [ o | o
Destination address for DMAO (23:16)
DOCA7 | DOCA6 | DOCA5 | DOCA4 | DOCA3 | DOCA2 | DOCAL | DOCAO
0908H RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count A [7:0] for DMAO
HDMACAO | count
number A DOCA15 | DOCA14 | DOCA13 | DOCA12 | DOCA11 | DocAlo | poca9 | Docas
Register0
egister 0909H R/W
o | o o | o | o | o | o | o
Transfer count A [15:8] for DMAO
DOCB7 | DocB6 | DocB5 | DOCB4 | DOCB3 | DOCB2 | DOCBL | DOCBO
090AH RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count B [7:0] for DMAO
HDMACBO count
number B DOCB15 | DOCB14 | DOCB13 | DocB12 | DocBi1 | Doceio | pocee | poces
Register0
egister 090BH R/W
o | o o | o | o | o [ o | o
Transfer count B [15:8] for DMAO
poM4 | pom3 | pom2 | Domi | Domo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0O — MEM) 00: 1 byte
DMA 001: Destination DEC (/0 — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAMO Mode 090CH 011: Source DEC (MEM — 1/0) 11: Reserved
Register0 100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(VO 1/0)
111: Reserved
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(10) DMAC (2/7)

Symbol | Name |Address 7 6 5 4 3 2 1 0
DI1SA7 | D1SA6 | D1SA5 | D1SA4 | D1sA3 | D1sA2 | D1SAL | DISAQ
0910H RIW
o | o |J] o | o [ o | o | o | o
Set source address for DMAL (7:0)
DMA D1SA15 | D1SA14 | D1SA13 | D1SA12 | D1sA11 | D1SA10 | DisA9 | DisAs
HDMASL | S2°  0911H RIW
address o | o | o | o | o | o | o | o
Registerl Set source address for DMA1 (15:8)
D1SA23 | D1SA22 | D1SA21 | D1SA20 | D1sA19 | DisA18 | D1SA17 | D1sA16
0912H RIW
o | o | o | o [ o | o | o | o
Set source address for DMA1 (23:16)
DIDA7 | DIDA6 | DIDA5 | D1DA4 | DIDA3 | DIDA2 | DIDAL | DIDAO
0914H RIW
o | o |J] o | o [ o | o | o | o
Set destination address for DMAL1 (7:0)
DMA DIDA15 | D1DA14 | DIDA13 | D1DA12 | D1DA11 | D1DA10 | D1DA9 | DiDAS
HDMAD1 | destination | gq, g, RIW
address o | o | o | o | o [ o [ o | o
Registerl Set destination address for DMA1 (15:8)
D1DA23 | D1DA22 | D1DA21 | D1DA20 | D1DA19 | D1DA18 | D1DA17 | D1DA16
0916H RIW
o | o | o | o |J o | o [ o | o
Set destination address for DMA1 (23:16)
DICA7 | DICA6 | DICA5 | DICA4 | DICA3 | DICA2 | DICAL | DICAO
0918H RIW
DMA o | o | o | o | o [ o [ o | o
Transfer Set transfer-count-number A for DMAL (7:0)
HDMACAL |  count
number A DICAL5 | DI1CA14 | DICA13 | D1CA12 | D1CA11 | DiCA10 | DiCA9 | DicAs
Registerl
g 0919H RIW
o | o | o [ o | o | o | o [ o
Set transfer-count-number A for DMAL1 (15:8)
DICB7 | DiCB6 | DICB5 | DICB4 | D1CB3 | DI1CB2 | DICBL | D1CBO
091AH RIW
DMA o | o | o | o | o | o [ o | o
Transfer Set transfer-count-number B for DMAL (7:0)
HDMACB1 count
number B DICB15 | D1CB14 | DICB13 | D1CB12 | D1cB11 | DicB10 | D1CB9 | DIcB8
Registerl
9 091BH RIW
o | o | o | o | o [ o [ o | o
Set transfer-count-number B for DMAL (15:8)
piM4 | pimM3 | Dim2 | DimM1 | Dimo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0O — MEM) 00: 1 byte
DMA 001: Destination DEC (/0 — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAML Mode 091CH 011: Source DEC (MEM — 1/0) 11: Reserved
Registerl 100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(10— 1/0)
111: Reserved
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TOSHIBA TMP92CF30
(10) DMAC (3/7)
Symbol | Name |Address 7 6 5 4 3 2 1 0
D2SA7 | D2SA6 | D2SA5 | D2SA4 | D2SA3 | D2sA2 | D2SAL | D2SA0
0920H RIW
o | o o | o | o | o [ o [ o
Source address for DMA2 (7:0)
DMA D2SA15 | D2SA14 | D2SA13 | D2sA12 | D2sA11 | D2sA10 | D2sA9 | D2sAs
HDMAS2 | S2U°° | 0921H RW
address o | o o | o | o | o [ o | o
Register2 Source address for DMA2 (15:8)
D2SA23 | D2SA22 | D2sA21 | D2sA20 | D2sA19 | D2sa18 | D2sA17 | D2sA16
0922H RIW
o | o o | o | o | o [ o [ o
Source address for DMA2 (23:16)
D2DA7 | D2DA6 | D2DA5 | D2DA4 | D2DA3 | D2DA2 | D2DAL | D2DAO
0924H RW
o | o o | o | o | o [ o [ o
Destination address for DMA2 (7:0)
DMA D2DA15 | D2DA14 | D2DA13 | D2DA12 | D2DA11 | D2DA10 | D2DA9 | D2DAS
HDMAD2 | destination | 5, RW
address o | o o | o | o | o [ o | o
Register2 Destination address for DMA2 (15:8)
D2DA23 | D2DA22 | D2DA21 | D2DA20 | D2DA19 | D2DA18 | D2DA17 | D2DA16
0926H RIW
o | o o | o | o | o [ o [ o
Destination address for DMA2 (23:16)
D2CA7 | D2CA6 | D2CA5 | D2CA4 | D2CA3 | D2CA2 | D2CAL | D2CAO
0928H RW
DMA o | o o | o | o | o [ o | o
Transfer Transfer count A [7:0] for DMA2
HDMACA2 |  count
number A D2CA15 | D2CA14 | D2CA13 | D2CA12 | D2CA11 | D2cAl0 | D2cA9 | D2cas
Register2
egister 0929H R/W
o | o o | o | o | o | o [ o
Transfer count A [15:8] for DMA2
D2CB7 | D2cB6 | D2cB5 | D2cB4 | D2CcB3 | D2CB2 | D2CBL | D2CBO
092AH RIW
DMA o | o o | o | o | o [ o [ o
Transfer Transfer count B [7:0] for DMA2
HDMACB2 count
number B D2CB15 | D2CB14 | D2CB13 | D2cB12 | D2cB11 | D2cB10 | D2cB9 | D2cBS
Register2
egister 092BH R/W
o | o o | o | o | o [ o | o
Transfer count A [15:8] for DMA2
p2m4 | D2m3 | D2m2 | D2mi | D2wmo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0 — MEM) 00: 1 byte
DMA 001: Destination DEC (I/O — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAM2 Mode 092CH 011: Source DEC (MEM — 1/0) 11: Reserved
Register2 100: Source/destination INC
(MEM —> MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(10— 1/0)
111: Reserved
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TOSHIBA TMP92CF30

(10) DMAC (4/7)

Symbol | Name |Address 7 6 5 4 3 2 1 0
D3SA7 | D3SA6 | D3sA5 | D3sA4 | D3sA3 | D3sA2 | D3sAL | D3sAQ
0930H RIW
o | o |J] o | o [ o | o | o | o
Set source address for DMA3 (7:0)
DMA D3SA15 | D3SA14 | D3SA13 | D3sA12 | D3sA11 | D3sA10 | D3sA9 | D3sAs
HDMAS3 | S2° | 0931H RIW
address o | o | o | o | o | o | o | o
Register3 Set source address for DMA3 (15:8)
D3SA23 | D3SA22 | D3sA21 | D3sA20 | D3sA19 | D3sA18 | D3sA17 | D3sA16
0932H RIW
o | o | o | o [ o | o | o | o
Set source address for DMA3 (23:16)
D3DA7 | D3DA6 | D3DA5 | D3DA4 | D3DA3 | D3DA2 | D3DAL | D3DAO
0934H RIW
o | o |J] o | o [ o | o | o | o
Set destination address for DMA3 (7:0)
DMA D3DA15 | D3DA14 | D3DA13 | D3DA12 | D3DA11 | D3DA10 | D3DA9 | D3DAS
HDMAD3 | destination | qqc, RIW
address o | o | o | o | o [ o [ o | o
Register3 Set destination address for DMA3 (15:8)
D3DA23 | D3DA22 | D3DA21 | D3DA20 | D3DA19 | D3DA18 | D3DA17 | D3DA16
0936H RIW
o | o | o | o |J o | o [ o | o
Set destination address for DMA3 (23:16)
D3CA7 | D3CA6 | D3CA5 | D3CA4 | D3CA3 | D3CA2 | D3CAL | D3CAO
0938H RIW
DMA o | o | o | o | o [ o [ o | o
Transfer Transfer count A [7:0] for DMA3
HDMACA3 |  count
number A D3CA15 | D3CA14 | D3CA13 | D3CA12 | D3CA11 | D3CA10 | D3cA9 | D3cas
Register3
egister 0939H R/W
o | o | o [ o | o | o | o [ o
Transfer count A [15:8] for DMA3
D3CB7 | D3CB6 | D3CB5 | D3CB4 | D3CB3 | D3CB2 | D3CBL | D3CBO
093AH RIW
DMA o | o [ o | o J o J o J o [ o
Transfer Transfer count B [7:0] for DMA3
HDMACB3 count
number B D3CB15 | D3CB14 | D3CB13 | D3CB12 | D3CB11 | D3cB10 | D3cBY | D3cBs
Register3
egister 093BH R/W
o | o | o | o | o [ o [ o | o
Transfer count B [15:8] for DMA3
DaM4 | D3m3 | D3m2 | D31 | D3mo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0O — MEM) 00: 1 byte
DMA 001: Destination DEC (/0 — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAM3 Mode 093CH 011: Source DEC (MEM — 1/0) 11: Reserved
Register3 100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(10— 1/0)
111: Reserved
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TOSHIBA TMP92CF30
(10) DMAC (5/7)
Symbol | Name |Address 7 6 5 4 3 2 1 0
D4SA7 | D4SA6 | D4SA5 | D4SA4 | D4SA3 | D4sA2 | D4sAL | D4sA0
0940H RIW
o | o o | o | o [ o [ o | o
Source address for DMA4 (7:0)
DMA D4SA15 | D4SA14 | D4sA13 | D4asA12 | D4sA11 | DasA10 | DasA9 | Dasas
HDMAS4 | S2U°° | gga1n RIW
address o | o o | o | o | o [ o | o
Register4 Source address for DMA4 (15:8)
D4SA23 | D4SA22 | DasA21 | DasA20 | D4asA19 | DasA18 | D4sA17 | DasA16
0942H RIW
o | o o | o | o [ o [ o | o
Source address for DMA4 (23:16)
D4DA7 | D4DA6 | D4DA5 | D4DA4 | D4DA3 | D4DA2 | D4DAL | D4DAO
0944H RIW
o | o o | o | o [ o [ o | o
Destination address for DMA4 (7:0)
DMA D4DA15 | D4DA14 | D4DA13 | D4DA12 | D4DA11 | D4DA10 | D4DA9 | D4DAS
HDMAD4 | destination | gq,c), RIW
address o | o o | o | o | o | o | o
Register4 Destination address for DMA4 (15:8)
D4DA23 | D4DA22 | D4DA21 | D4DA20 | D4DA19 | D4DA18 | D4DA17 | D4DA16
0946H RIW
o | o o | o | o [ o [ o | o
Destination address for DMA4 (23:16)
D4CA7 | D4CA6 | D4CA5 | D4CA4 | D4CA3 | D4CA2 | D4CAL | D4CAO
0948H RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count A [15:8] for DMA4
HDMACA4 | count
number A DA4CAL5 | D4CA14 | D4CA13 | D4CA12 | D4CA11 | D4CA10 | D4cA9 | Dacas
Register4
egister 0949H R/W
o | o o | o | o | o | o | o
Transfer count A [15:8] for DMA4
D4CB7 | D4CB6 | D4CB5 | D4CB4 | D4CB3 | D4CB2 | D4CBL | D4CBO
094AH RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count B [7:0] for DMA4
HDMACB4 count
number B D4CB15 | D4CB14 | D4CB13 | DacB12 | DacB11 | D4acB10 | DacB9 | Daces
Register4
egister 094BH R/W
o | o o | o | o | o [ o | o
Transfer count B [15:8] for DMA4
Dam4 | Dam3 | Dam2 | Dami | Damo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0O — MEM) 00: 1 byte
DMA 001: Destination DEC (/0 — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAM4 Mode 094CH 011: Source DEC (MEM — 1/0) 11: Reserved
Register4 100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(VO 1/0)
111: Reserved
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TOSHIBA TMP92CF30
(10) DMAC (6/7)
Symbol | Name |Address 7 6 5 4 3 2 1 0
D5SA7 | D5SA6 | D5SA5 | D5SA4 | D5SA3 | D5SA2 | D5SAL | D5SAO
0950H RIW
o | o o | o | o [ o [ o | o
Source address for DMAS5 (7:0)
DMA D5SA15 | D5SA14 | D5SA13 | D5SA12 | DssA11 | D5SA10 | DssA9 | DssAs
HDMAS5 | SO | og51H RIW
address o | o o | o | o | o [ o | o
Register5 Source address for DMAS (15:8)
D5SA23 | D5SA22 | D5SA21 | D5SA20 | D5SA19 | D5SA18 | D5SA17 | D5SA16
0952H RIW
o | o o | o | o [ o [ o | o
Source address for DMA5S (23:16)
DSDA7 | D5DA6 | D5DA5 | D5DA4 | DSDA3 | D5DA2 | D5DAL | D5DAO
0954H RIW
o | o o | o | o [ o [ o | o
Destination address for DMA5 (7:0)
DMA DSDA15 | D5DA14 | D5DA13 | D5DA12 | D5DA11 | D5DA10 | D5DA9 | D5DAS
HDMADs | destination | o0, RIW
address o | o o | o | o | o | o | o
Registers Destination address for DMA5 (15:8)
D5DA23 | D5DA22 | D5DA21 | D5DA20 | D5DA19 | D5DA18 | D5DA17 | D5DA16
0956H RIW
o | o o | o | o [ o [ o | o
Destination address for DMAS (23:16)
D5SCA7 | D5CA6 | D5CA5 | D5CA4 | D5SCA3 | D5CA2 | D54CAL | D5CAO
0958H RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count A [7:0] for DMA5
HDMACAS | count
number A DSCA15 | D5CA14 | DSCA13 | D5CA12 | D5CA11 | D5CA10 | D5CA9 | D5CA8
Register5
egister 0959H R/W
o | o o | o | o | o | o | o
Transfer count A [15:8] for DMAS
D5CB7 | D5CB6 | D5CB5 | D5CB4 | D5CB3 | D5CB2 | D5CBL | D5CBO
095AH RIW
DMA o | o o | o | o [ o [ o | o
Transfer Transfer count B [7:0] for DMA5
HDMACBS5 count
number B D5CB15 | D5CB14 | D5CB13 | D5CB12 | D5cB11 | D5CB10 | D5CB9 | D5CBS
Register5
egister 095BH R/W
o | o o | o | o | o [ o | o
Transfer count B [15:8] for DMA5S
DsmM4 | Dsm3 | Dsm2 | DsM1i | Dsmo
RIW
o | o [ o o | o
DMA transfer mode Transfer data size
000: Destination INC (/0O — MEM) 00: 1 byte
DMA 001: Destination DEC (/0 — MEM) 01: 2 bytes
transfer 010: Source INC (MEM — 1/O) 10: 4 bytes
HDMAMS Mode 095CH 011: Source DEC (MEM — 1/0) 11: Reserved
Register5 100: Source/destination INC
(MEM — MEM)
101: Source/destination DEC
(MEM — MEM)
110: Source/destination fixed
(VO 1/0)
111: Reserved
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TOSHIBA

TMP92CF30
(10) DMAC (7/7)
Symbol | Name |Address 7 6 5 4 3 2 1 0
DMAES DMAE4 DMAE3 DMAE2 DMAE1 DMAEO
DMA RIW
HDMAE | enable | 097EH o | o | o [ o [ o [ o
Register DMA channel operation
0: Disable 1: Enable
DMATE | DMATR6 | DMATR5 | DMATR4 | DMATR3 | DMATR2 | DMATR1 | DMATRO
R/W
DMA 0 0 o | o | o [ o [ o [ o
HDMATR timer 097FH |Timer Maximum bus occupancy time setting
Register operation The value to be set in <DMATR6:0> should be obtained by
0: Disable “Maximum bus occupancy time / (256/fsys)”.
1: Enable “00H” cannot be set.
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TOSHIBA TMP92CF30
(11) Clock gear, PLL
Symbol | Name | Address 7 6 5 4 3 2 1 0
XTEN USBCLK1 | USBCLKO WUEF PRCK
R/W R/W R/W
1 o | o 0 0
System Low Select the clock of Warm-up Select
SYSCRO clock 10EOH -frequency | USB(fuss) timer Prescaler
COm"Ol oscillator | 00: Disable clock
register0 circuit (fs) | 01: Reserved 0: foys/2
0: Stop 10: X1USB 1: feys/8
1:
11:f
Oscillation PLuse
GEAR2 GEAR1 GEARO
R/W
System 1 | 0 - | 0
clock Select gear value of high
SYSCR1 control 10E1H frequency (fc)
registerl 000: fc 101: (Reserved)
001: fc/2 110: (Reserved)
010: fc/4 111: (Reserved)
011: fc/8 100: fc/16
- CKOSEL | WUPTM1 { WUPTMO | HALTM1 | HALTMO
R/W
System 0 0 1 0 1 1
clock Always Select Warm-Up Timer HALT mode
SYSCR2 control 10E2H write “0". CLKOUT | 00: Reserved 00: Reserved
register2 0: fsys 01: 2%/inputted frequency | 01: STOP mode
1:fs 10:2"/inputted frequency | 10: IDLE1 mode
11:2"/inputted frequency | 11: IDLE2 mode
PROTECT — EXTIN DRVOSCH | DRVOSCL
R R/W R/W R/IW R/W
EMC 0 0 0 1 1
EMCCRO control 10E3H |Protect flag Always 1: External |[fc oscillator |fs oscillator
register0 0: OFF write “0”.  |clock drive ability |drive ability
1: ON 1: NORMAL [1: NORMAL
0: WEAK 0: WEAK
EMC
EMCCR1 rgo_';tt;"r'l 10E4H Switching the protect ON/OFF by write to following 1°-KEY,2"-KEY
i
gMC 1°LKEY: EMCCR1=5AH,EMCCR2=A5H in succession write
nd . — — . . .
EMCCR2 control 10E5H 27-KEY: EMCCR1=A5H,EMCCR2=5AH in succession write
register2
FCSEL LUPFG
R/W R
PLL 0 0
PLLCRO | control | 10E8H Selectfc | Lock-up
register0 clock timer
0 : foscH Status flag
1:fpLL 0 : notend
1:end
PLLO PLL1 LUPSEL PLLTIMES
R/W R/W
0 0 0 0
PLLO for PLL1 for Select Select the
PLL CPU UsB stage of number of
PLLCR1 antrOI 10E9H 0 Off 0: Off Lock up PLL
registerl counter
1:On 1:On 0: x12
0: 12 stage '
(for PLLO) 1:x16
1:13 stage
(for PLL1)
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TOSHIBA TMP92CF30
(12) 8-bit timer (1/2)
Symbol | Name Address 7 6 5 4 3 2 1 0
TAORDE 12TAO01 [TAO1PRUN| TA1RUN | TAORUN
R/W R/W
TMRAO1 0 0 0 0 0
TAO1RUN RUN 1100H Double IDLE2 TMRAO1 Up counter | Up counter
register buffer 0: Stop prescaler (ucl) (Uco)
0: Disable 1: Operate | O: Stop and clear
1: Enable 1: Run (Count up)
o 1102H -
TAOREG ib'itsttg‘:%r (Prohibit W
9 RMW) 0
o 1103H -
TALREG féb'itstt'g:ir (Prohibit W
9 RMW) 0
TAOIML | TAOIMO | PwmoO1 | PWMOO | TALCLK1 | TAICLKO | TAOCLK1 | TAOCLKO
R/W
o | o o | o o | o o | o
TMRAO1 Operation mode PWM cycle Source clock for TMRAL | Source clock for TMRAO
TAOIMOD r'\ellg(;igeEr 1104 00: 8-bit timer mode 00: Reserved 00: TAOTRG 00: TAOIN pin
01: 16-bit timer mode | 01: 2° 01: ¢T1 01: ¢T1
10: 8-bit PPG mode | 10: 2’ 10: ¢T16 10: ¢T4
11: 8-bit PWM mode | 11: 2° 11: ¢T256 11: ¢T16
TALlFFC1 | TALFFCO [ TALFFIE | TALFFIS
R/W R/W
TMRAL T 0 0
Flip-Flop | 1O5H 00: Invert TALFF TAIFF | TALFF
TAL1FFCR (Prohibit . .
control RMW) 01: Set TALFF control for | inversion
register 10: Clear TALEE inversion | select
11: Don'’t care 0: Disable | 0: TMRAO
1: Enable | 1: TMRA1
TA2RDE 12TA23 |TA23PRUN TA3RUN | TA2RUN
R/W R/W
TMRA23 0 0 0 0 0
TA23RUN RUN 1108H Double IDLE2 TMRA23 Up counter | Up counter
register buffer 0: Stop prescaler (Uc3) (ucz)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)
o 110AH -
TA2REG ?éblitsttgzr (Prohibit W
9 RMW) 0
o 110BH —
TA3REG ?éb'itsttg:e?’r (Prohibit W
9 RMW) 0
TA23M1 | TA23MO | PWM21 | PWM20 | TA3CLK1 | TA3CLKO | TA2CLK1 | TA2CLKO
R/W
o | o o | o o | o o | o
TMRA23 Operation mode PWM cycle Source clock for TMRA3 | Source clock for TMRA2
TA23MOD r,\élgi)slisr 110CH 1 0. g-pit timer mode | 00: Reserved 00: TA2TRG 00: Reserved
01: 16-bit timer mode | 01: 2° 23 $116 gé gi
. a_hi .7 . :
10:8 bft PPG mode 10: 28 11: $T256 11: $T16
11: 8-bit PWM mode | 11: 2
TA3FFCL | TASFFCO | TA3FFIE | TA3FFIS
R/W R/W
TMRA3 110DH 1 | 1 0 0
Flip-Flop o 00: Invert TA3FF TA3FF TA3FF
TA3FFCR (Prohibit . .
control RMW) 01: Set TA3FF control for | inversion
register 10: Clear TA3FF inversion [ select
11: Don't care 0: Disable | 0: TMRA2
1: Enable |1: TMRA3
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TOSHIBA

TMP92CF30
(12) 8-bit timer (2/2)
Symbol | Name Address 7 6 5 4 3 2 1 0
TA4RDE 12TA45 [TA45PRUN| TASRUN [ TA4RUN
R/IW R/W
TMRA45 0 0 0 0 0
TA45RUN RUN 1110H Double IDLE2 TMRA45 Up counter | Up counter
register buffer 0: Stop prescaler (UC5) (uc4)
0: Disable 1: Operate | O: Stop and clear
1: Enable 1: Run (Count up)
. 1112H -
TA4REG ?ég'fsttgir (Prohibit W
RMW) 0
o 1113H -
TASREG ?(;Z'itstt'gesr (Prohibit W
RMW) 0
TA45M1 | TA45M0 | PWM41 | PwM40 | TASCLK1 | TASCLKO | TAACLK1 | TAACLKO
R/W
o | o o | o o | o o | o
TMRAA45 Operation mode PWM cycle Source clock for TMRAS | Source clock for TMRA4
TA4ASMOD rl\élggtsr L114H | 5o. g-pit timer mode | 00: Reserved 005 TA4TRG 005 32kHz clock
01: 16-bit timer mode | 01: 2° 23 iﬁe 23 g‘l‘
10: 8—b?t PPG mode | 10: 2; 1. §T256 1. §T16
11: 8-bit PWM mode | 11:2
TA6RDE I2TA67 |TA67PRUN TA7RUN | TAGRUN
R/W R/W
TMRA67 0 0 0 0 0
TA67RUN RUN 1118H Double IDLE2 TMRA67 Up counter | Up counter
register buffer 0: Stop prescaler | (UC7) (UCe)
0: Disable 1: Operate | 0: Stop and clear
1: Enable 1: Run (Count up)
o 111AH -
TAGREG ?(;Z'itstt"::zr (Prohibit W
RMW) 0
o 111BH -
TA7REG ?{;Z'itsttg':%r (Prohibit W
RMW) 0
TA67M1 | TA67MO | PWM61 | PWM60 | TA7CLK1 | TA7CLKO | TABCLK1 | TA6CLKO
R/W
o | o o | o o | o o | o
TMRAG7 Operation mode PWM cycle Source clock for TMRA7 | Source clock for TMRAG
TA67MOD r'\élg(;)igsr 11CH 1 00: g-bit timer mode | 00: Reserved 005 TA6TRG 005 32kHz clock
01: 16-bit timer mode | 01: 2° 23 giS % gi
10: 8-bit PPG mode | 10: 2; 1. §T256 1. 4716
11: 8-bit PWM mode | 11:2
TA7FFC1 | TA7FFCO | TA7TFFIE | TA7FFIS
R/|W R/W
1 1 0 0
I;I;i,\éi)lagp 111D.H. 00: Invert TA7FF TA7FF TA7TFF
TA7FFCR (Prohibit ) .
control RMW) 01: Set TA7FF _contro_l for | inversion
register 10: Clear TATFF inversion [ select
11: Don't care 0: Disable | 0: TMRA6
1: Enable |1: TMRA7
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TOSHIBA TMP92CF30
(13) 16-bit timer (1/2)
Symbol | Name Address 7 6 5 4 3 2 1 0
TBORDE — I12TBO | TBOPRUN TBORUN
R/W R/W R/W R/W R/W
0 0 0 0 0
TMRBO Double Always IDLE2 TMRBO Up
TBORUN RQN 1180H | puffer write “0”". 0: Stop prescaler counter
register 0- disable 1: Operate (Uc10)
1: enable 0: Stop and clear
1: Run (Count up)
— — TBOCPOI [ TBOCPM1 | TBOCPMO| TBOCLE |TBOCLK1 | TBOCLKO
R/W W* R/W
o | o 1 o | o 0 o | o
Always write “00". Software  |capture timing Control TMRB1 source clock
capture o9 pisable Up 00: TBOINO input
control INT6 occurs at rising counter 01: ¢T1
0: Execu_te edge O:Clgar 10: T4
TMRBO 1182.H. 1: Undefined 01 TROINO 1.CD||sabIe 11: §T16
TBOMOD r'\eAO_DE (Prohibit INT6 occurs atrising |~ E?\i[)le
gister RMW) edge
10: TBOINO T TBOINO ¥
INT6 occurs at falling
edge
11: TA1OUT T
TAL1OUT ¢
INT6 occurs at rising
edge
— | — TBOCT1 | TBOCOT1 | TBOE1T1 | TBOEOT1 TBOFFOC1|TBOFFOCO
W* R/W W*
1 | 1 o | o | o T o 1 | 1
TMRBO 1183H Always write “11". TB1FFO inversion trigger (C)Zgnltrol TB1FFO
TBOFFCR F(I:Igr-:rl;p (Prohibit | +avays read as “11". O Disable t|j|gger o1: Sngtert
register RMW) 1: Enable trigger 10: Clear
When When When UC10 (When UC10 | 11: Don't care
capture capture matches matches
UC10 to UC10 to with with * Always read as “11”.
TBOCP1H/L |TBOCPOH/L |TBORG1H/L [TBORGOH/L
16 bit timer 1188H —
TBORGOL | register O (Prohibit w
low RMW) 0
16 bit timer 1189H -
TBORGOH | register O (Prohibit w
high RMW) 0
o 118AH —
TBORGLL rle%gtt;'?oi; (Prohibit W
RMW) 0
16 bit timer 118BH _
TBORG1H| register 1 (Prohibit w
high RMW) 0
Capture —
TBOCPOL | register 0 118CH R
low Undefined
Capture -
TBOCPOH | register 0 118DH R
high Undefined
Capture —
TBOCPL1L | register 1 118EH R
low Undefined
Capture -
TBOCP1H| register1 118FH R
high Undefined
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TOSHIBA TMP92CF30

(15) 16-bit timer (2/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
TB1RDE — 12TB1 |[TB1PRUN TB1RUN
R/W R/W R/W R/W R/W
0 0 0 0 0
TMRB1 Double | Always IDLE2 TMRB1 Up
TBIRUN reF;i’;ler TI90H 1 by tter write “0”. 0: Stop prescaler counter
0: disable 1: Operate (uci2)
1: enable 0: Stop and clear
1: Run (Count up)
— - TB1CPOI | TB1ICPM1 | TB1CPMO| TB1CLE |TBlCLK1 | TB1CLKO
R/W W* R/W
o | o 1 o | o 0 o | o
Always write “00”. Software |capture timing Control TMRBL1 source clock
capture o0 pisable Up 00: TB1INO input
control INT7 occurs at rising counter 01: ¢T1
0: Execute edge O:C!ear 10: T4
TBIMOD T’\AMORDBEl 1192_"'_ llj defined |01 TBLINO 0 1,2:Sable 11: ¢T16
’ (Prohibit naetine INT7 occurs atrising | ear
register RMW) edge Enable
10: TB1INO T TB1INO {
INT7 occurs at falling
edge
11:TA30UT 1
TA30UT {
INT7 occurs at rising
edge
16 bit timer 1198H -
TB1RGOL | register O (Prohibit w
low RMW) 0
16 bit timer 1199H —
TB1RGOH | register O (Prohibit W
high RMW) 0
o 119AH -
TBIRGIL rlefqibslttef:'rro?/:/ (Prohibit w
RMW) 0
16 bit timer 119BH —
TB1RG1IH| register 1 (Prohibit W
high RMW) 0
Capture —
TB1CPOL | register O 119CH R
low Undefined
Capture —
TB1CPOH | register 0 119DH R
high Undefined
Capture —
TB1CP1L | register 1 119EH R
low Undefined
Capture —
TB1CP1H| register 1 119FH R
high Undefined
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(14) UART/Serial channels (1/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
Serial 1200H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 0 L TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SCOBUF (Prohibit - —-
bu_ﬁer RMW) R (Receive) /W (Transmission)
register Undefined
RB8 EVEN | PE OERR | PERR | FERR | sCLKS | 10C
R R/W R (Cleared to 0 when read) R/W
Serial 101y |-Undefined 0 0 o | o T o 0 0
SCOCR channel 0 (Prohibit Received | Parity Parity 1: Error 0: SCLKOT| 0:baud
control RMw) |databit8 |o:odd |addiion | Overrun | Parity | Framing |1: SCLKO!|rate
register 1-Even |O: Disable generator
1: Enable l:_SQLKO
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 o | o 0 | 0
channel 0 Transf_er 0: CTS Receive  |Wake up [00: I/O interface Mode [00: TAOTRG
SCOMODO| " J4e 0 1202H  [data bit 8 disable |function  |0: Disable [01: 7-bit UART Mode |01: Baud rate generator
register 1: CTS 0: Receive |1: Enable [10: 8-bit UART Mode (10: Internal clock fio
enable |disable 11: 9-bit UART Mode [11: External clock
1: Receive (SCLKO input)
enable
— BROADDE [ BROCK1 [ BROCKO BROS3 | BR0S2 BROS1 | BROSO
Serial RIW
channel 0 0 0 o [ o o | o [ o | o
BROCR baud rate 1203H |Always (16-K) /16 |00: ¢TO Divided frequency “N” setting
control write “0”. |division 01: $T2 0~F
register 0: Disable |10: ¢T8
1:Enable (11:¢T32
Serial BROK3 | BROK2 | BROK1 | BROKO
BROADD | ShamnelO | a4, RIW
K setting 0 | 0 | 0 | 0
register Sets frequency divisor “K” (1~F)
12S0 FDPXO0
Serial 5 Riw 5
channel 0
SCOMOD1 mode 1 1205H IDLE2 Duplex
register 0: Stop | 0: Half
1: Run 1: Full
PLSEL RXSEL TXEN RXEN SIROWD3 | SIROWD?2 | SIROWD1 | SIROWDO
R/W
0 0 0 0 o | o | o T o
IrDA 0O Select Receive | Transmit | Receive [ Select receive pulse width
SIROCR control 1207H |transmit |data 0: Disable | 0: Disable | Set the valid SIRRxD pulse width for equal or
register pulse 0:“H” pulse| 1: Enable | 1: Enable | more than
width 1y 0 puise 2x x (setting value + 1) + 100ns
0:3/16 Can be set: 1~14
1:1/16 Can not be set: 0, 15
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(14) UART/Serial channels (2/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
Serial 1208H RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
channel 1 L TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SC1BUF (Prohibit - —-
bu_ﬁer RMW) R (Receive) /W (Transmission)
register Undefined
RB8 EVEN | PE OERR | PERR | FERR | sCLKS | 10C
R R/W R (Cleared to 0 when read) R/W
Serial 1200y |-Undefined 0 0 o | o T o 0 0
SCICR channel 1 (Prohibit Received | Parity Parity 1: Error 0: SCLK17T| 0:baud
control RMw) |databit8 |o:odd |addiion | Overrun | Parity | Framing |1: SCLK1!|rate
register 1-Even |O: Disable generator
1: Enable l:_SQLKl
pin input
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
Serial 0 0 0 0 o | o 0 | 0
channel 1 Transfer [0: CTS Receive  |Wake up [00: I/O interface Mode [00: TAOTRG
SCIMODO| " ie 0 120AH  |data bit 8 disable |function  |0: Disable [01: 7-bit UART Mode |01: Baud rate generator
register 1: CTS 0: Receive |1: Enable [10: 8-bit UART Mode (10: Internal clock fio
enable |disable 11: 9-bit UART Mode [11: External clock
1: Receive (SCLK1 input)
enable
— BR1ADDE| BR1CK1 [ BR1CKO BR1S3 | BR1S2 BR1S1 | BR1S0
Serial RIW
channel 1 0 0 o [ o o | o [ o | o
BR1CR baud rate 120CH [Always (16-K) /16 |00: ¢TO Divided frequency “N” setting
control write “0”. |division 01: $T2 0~F
register 0: Disable |10: ¢T8
1:Enable (11:¢T32
Serial BR1K3 | BR1K2 | BR1K1 | BRI1KO
BR1ADD | SMaMell | ooph RIW
K setting 0 | 0 | 0 | 0
register Sets frequency divisor “K” (1~F)
12S1 FDPX1
Serial 5 Riw 5
channel 0
SCOMOD1 mode 1 1205H IDLE2 Duplex
register 0: Stop | 0: Half
1: Run 1: Full
PLSEL RXSEL TXEN RXEN SIR1IWD3 | SIR1IWD?2 | SIR1IWD1 | SIRIWDO
R/W
0 0 0 0 o | o | o T o
IrDA 1 Select Receive | Transmit | Receive [ Select receive pulse width
SIR1CR control 120FH |transmit |data 0: Disable | 0: Disable | Set the valid SIRRxD pulse width for equal or
register pulse 0:“H” pulse| 1: Enable | 1: Enable | more than
width 1y 0 puise 2x x (setting value + 1) + 100ns
0:3/16 Can be set: 1~14
1:1/16 Can not be set: 0, 15

92CF30-635 2009-06-12



TOSHIBA

TMP92CF30
(15) SBI
Symbol| Name [Address 7 6 5 4 3 2 1 0
SCKO
BC2 BC1 BCO ACK - SCK2 SCK1 JSWRMON
Serial b R/W R R/W R/W
erial bus
. 1240H 0 0 0 0 1 0 0 01
SBICR1 interface L
control (Prohibit Number of transfer bits Acknowledge | Always ... |setting for the divisor value “n”
register 1 | RMW) | 000:8  001:1 010: 2 mode read as “1". (When writing)
011: 3 100: 4 101: 5 specification 000: 4 001: 5 010: 6
110:6 111:7 0: Disable 011: 7 100:8 101: 9
1: Enable 110:10  111: (Reserved)
SBI 1241H DB7 | DB6 | DBS DB4 DB3 DB2 DBL | DBO
SBIDBR buffer (Prohibit R (receive)/W (Transmit)
register RMW) Undefined
sA6 | sas | sa4 sa3 | sa2 | sAL sA0 | ALs
R/W
2
I°C BUS 1242H 0 | 0 | 0 0 | 0 | 0 0 0
I2CAR Address | (Prohibit Address
register RMW) ) recognition
Slave Address setting 0: Enable
1: Disable
ADO/ LRB/
MST TRX BB PIN AL/SBIM1 |AAS/SBIMO
SWRST1 | SWRSTO
R/W
SBISR Serial bus 0 0 0 1 0 0 0 0
When interface Master/ Transmitter IZC bus INTSBI Arbitration Slave General call | Last receive
status Slave status | / Receiver | Status request lost detection| Address detection bit monitor
read register monitor status monitor monitor monitor match monitor 0: 0"
) i 0: Free 0: Request |0: — detection 0: Undetected| 1: «1”
1243H | O:Slave menttor . . monitor neetecied) 1t
.y 0: Receiver | 1: Busy 1: Cancel 1: Detected 1: Detected
(Prohibit | aster 0: Undetected
RMW) L ) 1: Detected
Transmitter
Start/Stop [Cancel Serial bus interface Software reset generate
) condition  ||NTSBI operation mode selection write “10” and “01”, then an
Serial bus 0: Stop interrupt 00: Port mode internal reset signal is
SBICR?2 'Tsr:ft?gf condition  frequest 01: (Reserved) generated.
When ; 1: Busy 0:Don’t care | 10: I°C bus mode
! register 2 condition .
write 1:Cancel 11: (Reserved)
interrupt
request
- 12SBI - - - | - - -
Serial bus 1244H W R/W R R/W
interface
ibi 0 0 1 1 1 1 1 0
SBIBRO baud rate (Prohibit | | |
register 0 RMW) Always IDLE2 AIWayS read as “1". AIWayS
read “0” 0: Stop write “0”.
1: Operate
SBIEN - - - | - - | - _
Serial b RIW R
erial bus
_ 1247H 0 0 0 o | o J o [ o 0
SBICRO interface hibi
control (Prohibit I'spy _ Always read as “0”.
register 0 RMW) | operation
O:disable
l:enable
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TOSHIBA TMP92CF30
(16) AD converter (1/3)
Symbol | Name | Address 7 6 5 4 3 2 1 0
ADRO1 ADROO OVRO ADRORF
AD R R
ADREGOL| S°™Verson | 15n0H o | o 0 0
result Store Lower 2 bits of Overrun flag  JAD conversion
register 0 low ANO AD conversion 0:No generate |result store flag
result 1: Generate 1: Stored
AD ADRO09 | ADRO8 ADRO7 ADRO6 ADRO5 ADRO04 ADRO3 ADRO02
ADREGOH| O™ | 1oa1H R
result o | o 0 0 0 0 o | o
register O high Store Upper 8 bits of an ANO conversion result
ADR11 | ADR10 OVR1 | ADRIRF
AD R R
ADREGIL| SMVersion | 15a0H o | o 0 0
result Store Lower 2 bits of Overrun flag  |AD conversion
register 1 low AN1 AD conversion 0:No generate [result store flag
result 1: Generate 1: Stored
AD ADR19 | ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
ADREG1H| OMersON | 1531 R
result o | o 0 0 0 0 o | o
register 1 high Store Upper 8 bits of an AN1 conversion result
ADR21 | ADR20 OVR2 | ADR2RF
AD R R
ADREG2L| ™™o | 1oaaH o [ o 0 0
result Store Lower 2 bits of Overrun flag  |AD conversion
register 2 low AN2 AD conversion 0:No generate |result store flag
result 1: Generate 1: Stored
AD ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
ADREG2H| °™Ve'SION 1 1oa5H R
result o | o 0 0 0 0 o | o
register 2 high Store Upper 8 bits of an AN2 conversion result
ADR31 | ADR30 OVR3 | ADR3RF
AD R R
ADREG3L conversion 12A6H 0 | 0 0 0 :
result Store Lower 2 bits of Overrun flag  JAD conversion
register 3 low AN3 AD conversion result store flag
0:No generate
result 1: Generate 1: Stored
AD ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
ADREG3H| °"Ve'SION 1 1571 R
result o | o 0 0 0 0 o | o
register 3 high Store Upper 8 bits of an AN3 conversion result
ADR4 | ADR4 OVR4 | ADR4F
AD
. R R
conversion
ADREGAL |  result 12A8H o | o 0 0
register 4 Store Lower 2 bits of Overrun flag  |AD conversion
: 0:No generate [result store flag|
low AN4 AI?e(;Cl)Jrllvel’Slon 1: Generate 1: Stored
AD ADRA49 | ADR48 ADR47 ADR46 ADRA45 ADR44 ADRA43 ADRA42
ADREG4H| COMversion | 15a0H R
result o | o 0 0 0 0 o | o
register 4high Store Upper 8 bits of an AN4 conversion result
ADR5 | ADRS5 OVR5 | ADRSF
AD R R
ADREGSL| °"™e™M | 1oaAH o [ o 0 0
result Store Lower 2 bits of Overrun flag  JAD conversion
register 5 low ANS5 AD conversion 0:No generate [result store flag|
result 1: Generate 1: Stored
AD ADR59 | ADR58 ADR57 ADR56 ADR5S5 ADR54 ADR53 ADR52
ADREGSH| VeSO | 1oapH R
result o | o 0 0 0 0 0 0
register 5 high Store Upper 8 bits of an AN5 conversion result
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(16) AD converter (2/3)
Symbol | Name [ Address 7 6 5 4 3 2 1 0
ADRSP1 | ADRSPO OVSRP |ADRSPRF
High priority R R
Conversion
ADREGSPL Register SP 12BOH 0 0 0 0 |
low Store Lower 2 bits of an Overrun JAD conversion
. 1: Generate result store flag
AD conversion result 1. Stored
High priority ADRSP9 | ADRSP8 | ADRSP7 | ADRSP6 | ADRSP5 | ADRSP4 | ADRSP3 | ADRSP2
ADREGSPH | SOMVersion | 1op 1 R
Register S o | o 0 0 0 0 0 0
i
9 Store Upper 8 bits of an AD conversion result
AD ADR21 | ADR20
Conversion RIW
Result |
ADCMOREGL| Compare | 12B4H 0 0
Criterion Store Lower 2 bits of an
Register 0 AD conversion result
Low compare criterion
AD ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
Conversion R/W
Result |
ADCMOREGH| Compare | 12B5H 0 0 0 0 0 0 0 0
Criterion
Register 0 Store Upper 8 bits of an AD conversion result compare criterion
High
AD ADR21 | ADR20
Conversion RIW
Result
Compare 0 | 0
ADCM1REGL mp: 12B6H
Cnt_erlon Store Lower 2 bits of an
Register 1 AD conversion result
Low o
compare criterion
AD ADR29 | ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
Conversion R/W
Result o | o 0 0 0 0 0 0
ADCMIREGH| °™PC | 12B7H
Criterion
Ref.'fgt,f ri Store Upper 8 bits of an AD conversion result compare criterion
EOS BUSY 12AD ADS HTRGE TSEL1 | TSELO
R R/W
0 0 0 0 0 o | o
Normal AD Normal AD IAD conversion [Start Normal |Normal AD Select Hard ware trigger
AD mode conversion conversion hen IAD conversion [conversion at
lend flag BUSY Flag IDLE2 mode |0: Don't Care [Hard ware 00: INTTBOO interrupt
ADMODO cqntrol 12B8H 0:During 1:Start ltrigger 01: Reserved
register O conversion [0:Stop 0: Stop AD conversion [0: Disable 10: ADTRG
sequence conversion 1: Operate 1: Enable 11: Reserved
or before 1:During IAlways read
starting conversion as"0".
1:Complete
conversion
sequence
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TMP92CF30
(16) AD converter (3/3)
Symbol | Name [ Address 7 6 5 4 3 2 1 0
DACON ADCH2 ADCH1 ADCHO LAT IT™M REPEAT SCAN
R/W
0 0 0 0 0 0 0 0
AD mode DAC and VREFAnalog input channel select Latency Interrupt Repeat mode [Scan mode
ADMOD1 control 12B9H |application 0: No Wait specification  [specification  [specification
register 1 icontrol 1:Start after hen 0: Single 0: Channel fixed|
reading conversion conversion mode
conversion [channel fixed [1: Repeat 1: Channel scan|
result store [repeat mode conversion | mode
Register of
last channel
HEOS HBUSY HADS HHTRGE | HTSEL1 | HTSELO
R R/W
0 0 0 0 0 0
High-priority  |High-priority AD| Start High-priority  |Select Hard ware trigger
JAD conversion [conversion High-priority ~ [AD conversion |00: INTTB10 interrupt
AD mode sequence BUSY Flag IAD conversion [at Hard ware  [01: Reserved
ADMOD2 control 12BAH [FLAG 0: Don't Care  [trigger 10: ADTRG
register 2 0: During 0:Stop 1: Start AD 0: Disable 11: 12S Sampling Counter
conversion conversion conversion [1: Enable Output
sequence 1:During
or before conversion IAlways read
starting as"0”.
1: Complete
conversion
sequence
- HADCH2 | HADCH1 | HADCHO -
AD mode RIW R/W
ADMOD3 | control | 12BBH 0 0 | 0 | 0 0
register 3 Always High-priority analog input channel Always
write “0”. select write “0”.
CMEN1 CMENO | CMP1C | CMPOC IRQEN1 | IRQENO | CMPINT1 | CMPINTO
R/W
0 0 0 0 0 0 0 0
AD Monitor AD Monitor Generation Generation AD monitor AD monitor Status of AD [Status of AD
AD mode functionl function0 condition of condition of function function monitor monitor
ADMOD4 Co_erI 12BCH 0: Disable 0: Disable AD monitor ~ [AD monitor  [interrupt 1 interrupt 0 function function
register 4 1. Enable 1: Enable function function 0: Disable 0: Disable interrupt 1 interrupt 0
interrupt 1 interrupt O 1: Enable 1: Enable 0: No 0: No
0:lessthan  [O:lessthan | (\ote) (Note) generation generation
1: Greater than|1: Greater than 1: Generation |1: Generation
or Equal or Equal
CM1CH2 | CM1CH1 | CM1CHO CMOCH2 | CMOCH1 | CMOCHO
R/W R/W
ADMODS5 g moc:e 12BDH 0 0 0 0 0 0
cqntro Select analog channel for AD monitor function 1 Select analog channel for AD monitor function 1
register 5 000:ANO  100: AN4 000:ANO  100: AN4
001: AN1 101: AN5 001: AN1 101: AN5
010: AN2 110: Reserved 010: AN2 110: Reserved
011: AN3 111: Reserved 011: AN3 111: Reserved
- ADCLK2 | ADCLK1 | ADCLKO
R/W
AD 0 o | o | o
Conversion -
ADCCLK Clock 12BFH Always Select clock for AD conversion
Setting write “0" | 000 : Reserved 100 : fio/4
Register 001 : fio/1 101 : fio/5
010: f|o/2 110: f|o/6
011: f|o/3 111: f|o/7
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TMP92CF30
(17) Watchdog timer
Symbol | Name | Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO 12WDT RESCR —
R/W R/W
WDT 1 o | o 0 0 0
WDMOD mode 1300H |WDT Select detecting time IDLE2 Linternally | Always
register control 00: 215/f|o 0: Stop connects write “0”.
1: Enable | 01: 2Y/fio 1 Operate | WP OuL0
10: 219/f|o - ORI | e reset pin
11: 2o
WDT 1301H —
WDCR control (Prohibit
register RMW) —

B1H: WDT disable code AE: WDT clear code
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(18) RTC (Real-Time Clock)

Symbol | Name | Address 7 6 5 4 3 2 1 0
SE6 SE5 SE4 SE3 SE2 SE1 SEO
secr | Second | a0y RIV
register Undefined
“0”isread| 40 sec. 20 sec. 10 sec. 8 sec. 4 sec. 2 sec. 1 sec.
MI6 MI5 Ml4 MI3 MI2 MI1 MIO
MNR | MU o RIW
register Undefined
“0"isread | 40 min. 20 min. 10 min. 8 min. 4 min. 2 min. 1 min.
HO5 HO4 HO3 HO2 HO1 HOO
Hour RN.V
HOURR : 1322H Undefined
register
“0" is read 20 hours 10 hours | 8 hours 4 hours 2 hours 1 hour
(PM/AM)
WE2 WE1 WEO
DAYR Day 1323H RIW
register Undefined
‘0" is read W2 W1 WO
DA5 | DA4 | DA3 DA2 DAl DAO
DATER Date 1324H RIW
register Undefined
“0” is read 20 days | 10 days 8 days 4 days 2 days 1 day
MO4 MO3 MO2 MO1 MOO
1325H R/W
Undefined
h PAGEQ ‘0" is read 10 month | 8 month | 4 month | 2month | 1 month
MONTHR r,:lg;)iztter PAGE1 “0” is read 0: Indicator
for 12
hours
1: Indicator
for 24
hours
yE?z | vee | YvEs | YE4 | YE3 | YE2 | VYE1 YEO
1326H R/W
Undefined
Year PAGEO | 80 years | 40 years | 20 years | 10 years | 8 years | 4 years | 2 years | 1 year
YEARR register PAGE1 “0" is read Leap year setting
00: Leap year
01: One year after
10: Two years after
11: Three years after
INTENA ADJUST | ENATMR | ENAALM PAGE
R/W W R/IW R/W
Page 1327H 0 Undefined Undefined Undefined
PAGER register (Fér&k\}:lt;lt Interrupt 0: Don't Clock ALARM “0" is PAGE
1: Enable “0” is read care 1: Enable  [1: Enable read. selection
0: Disable 1:Adjust | 0: Disable | 0: Disable
DIS1HZ | DIS16HZ | RSTTMR | RSTALM RE3 RE2 RE1 REO
Rt:,"set 1328H Und\gined
RESTR | register (Er,aw;” 1Hz 16Hz L:Clock |1 Alarm
0: Enable |0: Enable | reset reset Always write “0”
1: Disable | 1: Disable
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TOSHIBA TMP92CF30
(19) Melody/alarm generator
Symbol | Name | Address 7 6 5 4 3 2 1 0
AL8 AL7 AL6 AL5 AL4 AL3 AL2 AL1
Alarm- RIW
ALM pattern 1330H
register o | o | o | o [ o | o o | o
Alarm pattern setting
Fc1 | Fco JAMINV | - | - ] - - | MELALM
R/W
Melody/ o | o 0 o | o | o 0 0
alarm Free run counter Alarm Output
MELALMC| ool 1331H | control frequency frequency
; 00: Hold invert . 0: Alarm
register “qr
9 01: Restart 1: Invert Always write *0". 1: Melody
10: Clear and stop
11: Clear and start
ML7 | ML6 ML5 M4 | ML3 | ML2 ML1 MLO
Melody RIW
MELFL frequency 1332H
L-register 0 | 0 0 0 | 0 | 0 0 | 0
Melody frequency set (Low 8bit)
MELON ML11 | ML1O MLO | ML8
R/W R/W
0 o | o o | o
Melody Melody
MELFH frequency | 1333H |counter
H-register control
0: Stop Melody frequency set (Upper 4 bits)
and
clear
1: Start
- IALMAE | IALM3E | IALM2E | IALM1E | IALMOE
Alarm RIW
i 0 0 0 0 0 0
ALMINT | MEMMUPE 350y
enable Always | 1:INTALM4 | LINTALM3 | LINTALM2 | L:INTALML | L:INTALMO
register write “0". | (1447 (2H2) (64H2) (512Hz) | (8192H2)
enable enable enable enable enable
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(20) 128
Symbol | Name | Address | 15| 14 |13 |12 (11| 10 | 9 8| 7] 6 514132 ]1]0
BO15 | BO14 | B013 | BO12 | BO1l | BO10 | BOO9 | BOO8 | BOO7 | BOO6 | BOOS | BOO4 | BOO3 | BOO2 | BOOL | BOOO
w
12s Undefined
Transmi- | 1800H Transmission buffer register (FIFO)
12S0BUF | ssion | (Prohibit| 31 | 30 [ 29 | 28 |27 | 26 [ 25|24 (23|22 |21 (20 |19|18 |17 |16
Buffer RMW) BO31 | BO30 | BO9 | B028 | BO27 | B026 | B025 | B024 | B023 | BO22 | BO21 | BO20 | BO19 | BO18 | BO17 | BO16
Register0 W
Undefined
Transmission buffer register (FIFO)
TXEO *CNTEO DIRO BITO | DTFMTO1 | DTFMTOO | SYSCKEO
R/W R/W
0 0 0 0 o | o 0
1808H | Transmit Counter Transmi- | Bit length | Output format System
0: Stop control ssion start . 00:’S  10: Right cloc_k
1: Start 0: Clear BIT 0: 8 bits ol Left 11-Reserved 0:Disable
1: Start 0:MSB 1:16 bits ' ' 1:Enable
2s 1:LSB
12socTL | Control CLKSO FSELO TEMPO WLVLO EDGEO CLKEO
Register0 R/W R/W R R/W
0 0 1 0 0 0
Source Stereo Condition of | WS level | Clock Clock
1809H | clock monaural [transmission edge for  [enable
0: fsvs 0: Stereo  [/'FO O:low left da:a . (After trans-
. outpu -
1 feu 1: Monaural | 0 data l:highleft | P l mission)
1: None 0: F? N9 | 0:0perate
data 1: Rising 1:Stop
CKO7 CKO06 CKO05 CKO04 CKO03 CKO02 CKO1 CKO00
1250 180AH RIW
oo, 0 0 o | o | o [ o | o | o
ivider — - -
12S0C Value Divider value for CK signal (8-bit counter)
Setting wsos | wsos | wso3 | wso2 | wsor | wsoo
Register 180BH R/W
o | o | o [ o | o | o
Divider value for WS signal (6-bit counter)
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(21) MAC (1/2)

Symbol | Name |Address 7 6 5 4 3 2 1 0
- MA7 MAG MAS MA4 MA3 MA2 MA1L MAO
MACMA_LL| "®9IStr | 1groy RIW
Multiplier Undefined
ALl Multiplier A data register [7:0]
Data MAL5 | MA14 | MA13 | MA12 | mA11 | wmAl0 | MA9 MA8
i R
MACMA_LH| TeISter | ey w
Multiplier Undefined
ALH Multiplier A data register [15:8]
Data MA23 | MA22 | mA21 | MA20 | MA19 | MA18 | MA17 | MAI6
MACMA_HL| Te9Ster | gpoy RIW
Multiplier Undefined
AHL Multiplier A data register [23:16]
Data MA31 | MA30 | MA20 | MA28 | MA27 | MA26 | MA25 | MA24
MACMA_HH| e9ISter | 1ppay RIW
Multiplier Undefined
AHH Multiplier A data register [31:24]
Data MB7 MB6 MB5 MB4 | MB3 | wmB2 | wmB1 MBO
i R
MACMB_LL| "C9ISter | 1pEay w
Multiplier Undefined
B-LL Multiplier B data register [7:0]
Data MB15 | MB14 | MB13 | MB12 | MB1l [ MB10 | WMB9 MB8
i RIW
MACMB_LH| ®9Ster | 1pesyy :
- Multiplier Undefined
B-LH — .
Multiplier B data register [15:8]
Data MB23 | MB22 | MB21 | MB20 | MB19 | MB18 | MB17 | MB16
MACMB_HL| C9Ster | ey RIW
Multiplier Undefined
B-HL Multiplier B data register [23:16]
Data MB31 | MB30 | MB29 | MmB28 | MB27 | wmB26 | wmB25 | wB24
i R
MACMB_HH| "C9ISter | 1ppay w
Multiplier Undefined
B-HH Multiplier B data register [31:24]
Data register OR7 OR6 ORS5 OR4 | OR3 | OR2 | ORI ORO
MACOR_LLL | MtPvand |4 pegpy RIW
Accumulate Undefined
hn Multiply and Accumulate data register [7:0]
Data register OR15 | OR14 | OR13 | OR12 | OR1l | ORI0 | OR9 OR8
MACOR_LLH| MutiPvand 19 prqgpy RIW
Accumulate Undefined
L Multiply and Accumulate data register [15:8]
Data register OR23 OR22 OR21 OR20 OR19 | OR18 | OR17 OR16
MACOR_LHL| MUtPand 1 4peap RIW
Accumulate Undefined
et Multiply and Accumulate data register [23:16]
Data register OR31 | OR30 OR29 OR28 | OR27 | OR26 | OR25 | OR24
MACOR_LHH| MUPYand | 1 gegyy RIW
Accumulate Undefined
-LHH Multiply and Accumulate data register [31:24]
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(21) MAC (2/2)
Symbol | Name |Address 7 6 5 4 3 2 1 0
Data register OR39 | OR38 | OR37 | OR36 | OR35 | OR34 | OR33 | OR32
MACOR_HLL| MutPvand | 1pech RIW
- Accumulate Undefined
HL Multiply and Accumulate data register [39:32]
Data register OR47 OR46 OR45 OR44 OR43 | OR42 | OR41 OR40
i R
MACOR_HLH| MUltPand g pep w
Accumulate Undefined
HLH Multiply and Accumulate data register [47:40]
Data register OR55 | OR54 | OR53 | ORs2 | ORs1 | OR50 | OR49 | OR48
MACOR_HHL| MUPYand | 1geey RIW
- Accumulate Undefined
HAL Multiply and Accumulate data register [55:48]
Data register OR63 OR62 OR61 | OR60 | OR59 | ORss | ORs57 | ORs6
MACOR_HHH| "MutPyand |4 pepy RIW
- Accumulate Undefined
-HHH Multiply and Accumulate data register [63:56]
MOVF MOPST MSTTG2 | MSTTG1 | MSTTGO [ MSGMD | MOPMD1 | MOPMDO
R/W w R/W R/W R/W
0 0 o | o | o 0 0o | 0
MAC Over flow | Start Select the trigger of start calculation Sign Calculation
MACCR Control | 1BFCH | flag calculation | 000: Write to MACMA[7:0] mode Mode
Register 0:no control 001: Write to MACMBI[7:0] 0:Unsigned | 00: 64 + 32 x 32
over flow | O:don'tcare | 010: Write to MACMOR[7:0] 1:Signed 01: 64 — 32 x 32
1:generate | 1: Start 011: Write to MACMOR([39:32] 10:32x32-64
over flow calculation | 1xx: Write “1” to <MOPST> 11: Reserved
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6. Notes and Restrictions

6.1 Notation

(1) The notation for built-in I/O registers is as follows: Register symbol <Bit symbol>
Example: TAOLIRUN<TAORUN> denotes bit TAORUN of register TAOIRUN.

(2) Read-modify-write instructions (RMW)

An instruction in which the CPU reads data from memory and writes the data to the
same memory location in one instruction.

Example 1: SET 3, (TAOIRUN); Set bit3 of TAOIRUN.
Example 2: INC 1, (100H); Increment the data at 100H.
e Examples of read-modify-write instructions on the TLCS-900:
Exchange instruction
EX (mem), R

Arithmetic operations
ADD (mem), Ri# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logic operations
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation operations
STCF#3/A, (mem) RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET#3, (mem)

Rotate and shift operations

RLC (mem) RRC (mem)
RL  (mem) RR  (mem)
SLA (mem) SRA  (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

(3) foscH, fe, fsys, fT1o and one state

The clock frequency input on pins X1 and 2 is referred to as fosSCH. The clock selected by
PLLCRO<FCSEL> is referred to as fc.

The clock selected by SYSCR1<GEARZ2:0> is referred to as system clock fsys. The clock
frequency given by fsys divided by 2 is referred to as fI0.

One cycle of fsys is referred to as one state.
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6.2 Notes

(1) AMO and AM1 pins

These pins are connected to the V¢ (Power supply level) or the Vss (Grand level) pin.
Do not alter the level when the pin is active.

(2) Reserved address areas

The 144Kbyte area (022000H~045FFFH) and 16 bytes area (FFFFFOH ~ FFFFFFH)
cannot be used since it is reserved for use as internal area. If using an emulator, an optional
64 Kbytes of the 16M bytes area is used for emulator control. Therefore, if using an
emulator, this area cannot be used.

(3) Standby mode IDLE1)

When the HALT instruction is executed in IDLE1 mode (in which only the oscillator
operates), RTC (Real-time-clock) and MLD (Melody-alarm-generator) operate. When
necessary, stop the circuit before the HALT instruction is executed.

(4) Warm-up timer

The warm-up timer operates when STOP mode is released, even if the system is using an
external oscillator. As a result, a time equivalent to the warm-up time elapses between
input of the release request and output of the system clock.

(5) Watchdog timer

The watchdog timer starts operation immediately after a reset is released. Disable the

watchdog timer when it is not to be used.
(6) AD converter

The string resistor between the VREFH and VREFL pins can be cut by program so as to
reduce power consumption. When STOP mode is used, disable the resistor using the
program before the HALT instruction is executed.

(7) CPU (Micro DMA)

Only the “LLDC cr, ¥’ and “LLDC r, cr” instructions can be used to access the control
registers in the CPU (e.g., the transfer source address register (DMASn).).

(8) Undefined SFR

The value of an undefined bit in an SFR is undefined when read.

(9) POP SR instruction

Please execute the POP SR instruction during DI condition.
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7. Package Dimensions
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information in
this document, and related hardware, software and systems (collectively “Product”) without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product’s quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software and
systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily
injury or damage to property, including data loss or corruption. Before creating and producing designs and using, customers must also
refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the
specifications, the data sheets and application notes for Product and the precautions and conditions set forth in the “TOSHIBA
Semiconductor Reliability Handbook” and (b) the instructions for the application that Product will be used with or for. Customers are
solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other
referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS’ PRODUCT DESIGN OR APPLICATIONS.

Product is intended for use in general electronics applications (e.g., computers, personal equipment, office equipment, measuring
equipment, industrial robots and home electronics appliances) or for specific applications as expressly stated in this document. Product
is neither intended nor warranted for use in equipment or systems that require extraordinarily high levels of quality and/or reliability
and/or a malfunction or failure of which may cause loss of human life, bodily injury, serious property damage or serious public impact
(“Unintended Use”). Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the aerospace
industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric power, and
equipment used in finance-related fields. Do not use Product for Unintended Use unless specifically permitted in this document.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR
LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND
LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO
SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). Product and related software and technology may be controlled under the Japanese Foreign
Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software
or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product.
Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances,
including without limitation, the EU RoHS Directive. TOSHIBA assumes no liability for damages or losses occurring as a result of
noncompliance with applicable laws and regulations.
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